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(57) [Abstract] 

[Object] To provide a device which can deal with many kinds 
of information speeds. 

[Means to solve the problems] Inputted information signal 
10 8 1 1 is encoded by an encoding device 813 based upon information 
speed signal 812, and further allocated to a plurality of 
sequences so as to have a common speed through an information 
signal re-composing device 814. Next, the signal on each 
of the sequences is spread by using spread codes whose 
15 generation timing and cycle are changed in accordance with 
the information speed signal 812 . Then, the spread sequences 
of the respective sequences are added to form a transmission 
signal 818. 

[Scope of Claim for a Patent] 

20 [Claim 1] A spectrum spread communication device comprising: 
an information signal re-composing device for 
allocating an inputted information signal to a plurality 
of sequences that are set to a predetermined speed based 
upon information speed signal of the inputted information 

25 signal; 



1 



a code generator for changing timing and a cycle in 
which a spread code is generated in accordance with the 
information speed signal; 

a spread modulator for spectrum-spreading the 
5 respective signals on the plurality of sequences by using 
mutually different spread codes having the same code speed 
and the same code length that have been generated by the 
code generator; and 

means for adding the outputs of the plurality of 
10 sequences from the spread modulator. 

[Claim 2] A spectrum spread communication device comprising: 

means for distributing a receiving signal that has 
been spectrum-spread to a plurality of sequences; 

a plurality of matching filters that are placed on 
15 the sequences and designed to carry out an inverse spread 
process by using mutually different spread codes having the 
same code speed and the same code length; 

an information speed judging device for judging the 
speed of an information signal to be demodulated based upon 
20 an output information from the matching filters; and 

a demodulation signal re-composing device for 
re-composing the demodulated signals on the sequences that 
have been demodulated in accordance with the information 
speed obtained by the information speed judging device to 
25 the original information signal. 
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[Claim 3] A spectrum spread communication device comprising: 
transmitting means that includes: 

an information signal re-composing device for 
allocating an inputted information signal to a plurality 
5 of sequences that are set to a predetermined speed based 
upon information speed signal of the inputted information 
signal; 

a code generator for changing timing and a cycle in 
which a spread code is generated in accordance with the 
10 information speed signal; 

a spread modulator for spectrum-spreading the 
respective signals on the plurality of sequences by using 
different spread codes having the same code speed and the 
same code length that have been generated by the code 
15 generator; and 

means for adding the outputs of the plurality of 
sequences from the spread modulator, and 

receiving means that includes: 

means for distributing a receiving signal that has 
20 been spectrum-spread to a plurality of sequences; 

a plurality of matching filters that are placed on 
the sequences and designed to carry out an inverse spread 
process by using mutually different spread codes having the 
same code speed and the same code length ; 
25 an information speed judging device for judging the 



3 



speed of an information signal to be demodulated based upon 
an output information from the matching filters; and 

a demodulation signal re-composing device for 
re-composing the demodulated signals on the sequences that 
5 have been demodulated in accordance with the information 
speed obtained by the information speed judging device to 
the original information signal, 

[Claim 4 ] A spectrum spread communication device comprising: 
an information signal re-composing device which, based 
10 upon both of or either of an information transmitting speed 
of an inputted information and radio transmitting 
environments, allocates the inputted information signal to 
a plurality of sequences; 

a code generator having a changing means for timing 
15 and a cycle of spread code generation; 

a spread modulator for spectrum-spreading the 
respective signals on the plurality of sequences by using 
mutually different spread codes having the same code speed 
and the same code length that have been generated by the 
20 code generator; and 

means for adding the outputs of the plurality of 
sequences from the spread modulator. 

[Claim 5] The spectrum spread communication device according 
to claim 4 , wherein at least either of the number of sequences 
25 and the cycle of the spread codes to be used is made changeable 
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depending on the initial transmission time and the succeeding 
transmitting time of the input information. 
[Claim 6] The spectrum spread communication device according 
to claim 4 or 5, wherein the spreading process is carried 
out -by allowing the group of the spread codes to cycle so 
that at least adjacent spread codes are made different, on 
the basis of one cycle of the spread codes on each of the 
plurality of sequences, and the code generator is allowed 
to generate a spread sequence having kinds of spread codes 
as many as gold codes with the same code length or a spread 
sequence having more kinds of spread codes than M-sequence 
with the same code length. 

[Claim 7 ] A spectrum spread communication device comprising : 

means for distributing a receiving signal that has 
been spectrum-spread to a plurality of sequences; 

a plurality of matching filters that are placed on 
the sequences and designed to carry out an inverse spread 
process by using mutually different spread codes having the 
same code speed and the same code length; 

an information speed judging device for judging the 
speed of an information signal to be demodulated based upon 
an output information from the matching filters; and 

a demodulation signal re-composing device for 
re-composing the demodulated signals on the sequences that 
have been demodulated in accordance with the information 
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speed obtained by the information speed judging device to 
the original information signal 

wherein at least either of the number of sequences 
and the cycle of the inverse spread codes to be used is made 
5 changeable depending on the receiving stand-by time and the 
data receiving time of the input information. 
. [Claim 8 ] The spectrum spread communication device according 
to claim 7, wherein, upon receipt of data, the inverse 
spreading process is carried out by allowing the group of 

10 the spread codes to cycle so that at least adjacent spread 
codes are made different, on the basis of one cycle of the 
spread codes on each of the plurality of sequences, and in 
this case, an inverse spread sequence is allowed to have 
kinds of spread codes as many as gold codes with the same 

15 code length or to have more kinds of spread codes than 
M-sequence with the same code length. 

[Claim 9] A spectrum spread communication device comprising : 
transmitting means that includes: 

an information signal re-composing device which, based 
20 upon both of or either of an information transmitting speed 
of an inputted information and radio transmitting 
environments, allocates the inputted information signal to 
a plurality of sequences; 

a code generator having a changing means for timing 
25 and a cycle of spread code generation; 



a spread modulator for spectrum-spreading the 
respective signals on the plurality of sequences by using 
mutually different spread codes having the same code speed 
and the same code length that have been generated by the 
5 code generator; and 

means for adding the outputs of the plurality of 
sequences from the spread modulator, and 

receiving side changing means that includes: 
means for distributing a receiving signal that has 
10 been spectrum-spread to a plurality of sequences; 

a plurality of matching filters that are placed on 
the sequences and designed to carry out an inverse spread 
process by using mutually different spread codes having the 
same code speed and the same code length; 
15 an information speed judging device for judging the 

speed of an information signal to be demodulated based upon 
an output information from the matching filters; and 

a demodulation signal re-composing device for 
re-composing the demodulated signals on the sequences that 
20 have been demodulated in accordance with the information 
speed obtained by the information speed judging device to 
the original information signal, 

at least either of the number of sequences and the 
cycle of the inverse spread codes to be used being made 
25 changeable depending on the receiving stand-by time and the 
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data receiving time of the input information, 

wherein the original signal is reproduced from the 
spectrum-spread signal transmitted from the transmission 
side. 

5 [Claim 10] The spectrum spread communication device 
according to claim 9, further comprising a transmission-side 
changing means that is arranged so that at least either of 
the number of sequences and the cycle of the spread codes 
to be used is made changeable depending on the initial 
10 transmission time and the succeeding transmitting time of 
the input information. 

[Claim 11] The spectrum spread communication device 
according to claim 9 or 10, wherein: the code generator is 
allowed to generate a spread sequence having kinds of spread 

15 codes as many as gold codes with the same code length or 
a spread sequence having more kinds of spread codes than 
M-sequence with the same code length, and the spread 
demodulator is designed so that the spreading process and 
the inverse spreading process are carried out by allowing 

20 the group of the spread codes generated by the code generator 
to cycle in such a manner that at least adjacent spread codes 
are made different, on the basis of one cycle of the spread 
codes on each of the plurality of sequences. 
[Detailed Description of the Invention] 

25 [0001] 
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[Industrial Field of the Invention] The present invention 
relates to a spectrum spread communication device which can 
effectively deals with information signals having different 
transmitting speeds, such as voice data and computer data, 
5 information having a large capacity like motion picture 
images, or high-speed real-time data having a large capacity. 
[0002] 

[Prior Art] In the field of cable communication, the packet 
communication technique has made it. possible to supply 

10 computer data, etc. at different information speeds. For 
this reason, in the field of radio communication also, the 
corresponding development has been demanded by using the 
radio LAN, etc. In order to respond to this demand, 
conventionally, data has been transmitted at different 

15 transmission speeds by using a sequence in which the speed 
information is carried by a pilot signal. 
[0003] In recent years, in the IS-95 sequence standardized 
in the U.S., until a coded signal has been decoded, the 
decoding process is carried out by using all the variable 

20 information speeds so as to judge the information speed. 
However, since the IS-95 sequence mainly deals with 
communications such as voice signals, its target information 
speed in the communication is as low as 10 kbps (bits per 
second) , and high-speeds up to 10Mbps, which are required 

25 for real-time transmission for motion picture images, are 
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not taken into consideration. 

[0004 ] Figs . 11 and 12 show schematic structures of a spectrum 
spread (SS) transmitter and a spectrum spread (SS) receiver 
in the IS-95 sequence. In the SS transmitter shown in Fig. 
5 11, an information signal 411, which takes a different 
information speed depending on data source, is inputted to 
a coding and information-signal re-composing device 413. 
In the coding and information-signal re-composing device 
413, the information signal 411 is encoded by an information 
10 speed signal 412 . Moreover, even when the information signal 

411 has any information speed, the information speed signal 

412 adds the information speed to control bits for each 
encoding cycle so that it is converted to have a common 
information speed that is higher than the greatest 

15 information speed that can be taken by the information signal 
411. Thereafter, in the information modulator 415, this is, 
for example, QPSK-modulated, and further spectrum-spread 
in a spread modulator 416 by a spread code generated by the 
spread code generator 414 to be formed into a transmission 

20 signal 417. 

[0005] Moreover, in the SS receiver shown in Fig. 12, the 
receiving signal 421 thus spectrum-spread is inputted to 
an inverse spread modulator 423 so that it is multiplied 
by the same spread code as the SS transmitter generated by 

25 an inverse spread signal generator 422; thus, it is subjected 



to an inverse spread process. Next, in the information 
demodulator 424, this is, for example, QPSK-demodulated, 
and inputted to a decoding and information speed judging 
device 425. In the decoding and information speed judging 
5 device 425, in order to judge. the information speed of the 
information signal to be decoded, decoding processes 
corresponding to all the information speeds are repeated 
so that the information speed is judged. Then, a decoding 
process is carried out in accordance with an information 

10 speed thus judged. Consequently, the original information 
signal is obtained as a demodulated information signal 426. 
[0006] Here, originally, the receiving signal 421 is, for 
example, divided into four circuits in order to execute a 
RAKE receiving process; thus, by using the same spread code 

15 having different timing in generation in accordance with 
a delay time of the bus, the bus of each recording signal 
is inverse-spread so that the information is demodulated, 
and then synthesized; however, this arrangement is not shown 
in the Figure. Moreover, in order to deal with phasing, a 

20 two-branch antenna diversity process is carried out; however, 
this is not shown in the Figure. Furthermore, the band 
limitation and high-frequency (RF) portion are also omitted 
from the Figure. 
[0007] 

25 [Means to Solve the Problems] In the conventional SS 
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transmitter, in order to deal with information speeds up 
to approximately 10Mbps, the information modulator 415 
always needs to modulate information at a speed as high as 
10 Mbps- Moreover, in order to judge the-inf ormation speed 
of an information signal to be decoded in the decoding and 
information speed judging device 425, the SS receiver repeats 
decoding processes corresponding to all the information 
speeds so as to judge the information speed. Therefore, as 
the variable range of information speed widens, the number 
of repetitions to be taken by the decoder to judge the 
information speed increases, thereby making it difficult 
to perform the decoding process . Moreover, in order to deal 
with the information speed up to approximately 10 Mbps, the 
information demodulator 424 also needs to always perform 
the demodulation process at a speed as high as 10 Mbps in 
the same manner as the information modulator 415 on the 
transmitting side . 

[0008] In other words, in the SS transmitter of this type, 
after a common control bit is added for each coding cycle 
at the time of coding, it is necessary to make a change to 
a common information speed not less than the maximum 
information speed that can be taken for each of the information 
speeds. For this reason, as the maximum information speed 
that can be taken becomes higher, the information modulator 
always needs to modulate at higher speeds . Moreover, in the 



SS receiver, when the maximum information speed that can 
be taken becomes higher, the information demodulator 424 
always demodulate at higher speeds in the same manner as 
the information modulator 415. Moreover, when the number 
5 of the kinds of information speeds that can be taken increases, 
the processing time in the decoder increases due to repetitive 
decoding processes carried out so as to judge the information 
speed. Therefore, this sequence has a problem in which it 
is not suitable for applications that require high speeds 

10 while taking many kinds of information speeds. 

[0009] Moreover, in the IS-95 sequence, since a partial 
correlation process is performed in upward lines, it is 
susceptible to degradation due to the mutual correlation, 
and the circuit is sub j ected to a great load due to an increase 

15 in the number of kinds of data speeds that can be taken. 
Therefore, these cause more strict requirements for the 
encoding section and decoding section . Moreover, in the case 
of cyclic codes that are highly estimated in the M list as 
general PN codes, the number of the kinds of spread codes 

20 is very small as compared with the number of spread codes; 
therefore, it can be said that unsuitable spread codes are 
used in the case of the application for the CDMA (CODE DIVISION 
MULTIPLE ACCESS) with high-speed user bit rates up to 
approximately 10 Mbps in outdoor environments. 

25 [0010] Therefore, one of the objects- of the present invention 
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is to provide a spectrum communication device which does 
not have to perform modem processes at higher speeds even 
when the information speed becomes higher, can transmit 
high-quality information at the time when the information 
5 speed drops , and allows the decoder to carry out a decoding 
process only at a desired information speed. Moreover, 
another object of the present invention is to provide a 
spectrum communication device which makes it possible to 
separate delay waves, and also to compose these, and allows 
10 - an unspecified number of users to carry out high-speed 
communications without the need of an unnecessary increase 
in the chip rate. 
[0011] 

[Means to Solve the Problems] In order to achieve the 
15 above-mentioned objects, a spectrum spread communication 
device on the transmitting side in accordance with the present 
invention is provided with: an information signal 
re-composing device for allocating an inputted information 
signal to a plurality of sequences that are set to a 
20 predetermined speed based upon an information speed signal 
of the inputted information signal; a code generator for 
changing timing and a cycle in which a spread code is generated 
in accordance with the information speed signal; a spread 
modulator for spectrum-spreading the respective signals on 
25 the plurality of sequences by using mutually different spread 
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codes having the same code speed and the same code length 
that have been generated by the code generator; and means 
for adding the outputs of the plurality of sequences from 
the spread modulator. 
5 [0012] Moreover, in order to achieve the above-mentioned 
objects, a spectrum spread communication device on the 
receiving side in accordance with the present invention is 
provided with: means for distributing a receiving signal 
that has been spectrum-spread to a plurality of sequences; 

10 a plurality of matching filters that are placed on the 
sequences and designed to carry out an inverse, spread process 
by using mutually different spread codes having the same 
code speed and the same code length; an information speed 
judging device for judging the speed of an information signal 

15 to be demodulated based upon an output information from the 
matching filters; and a demodulation signal re-composing 
device for re-composing the demodulated signals on the 
sequences that have been demodulated in accordance with the 
information speed obtained by the information speed judging 

20 device to the original information signal* Further, the 
spectrum spread communication device of the present 
invention may comprise means of the transmitting side and 
receiving side together. 

[0013] In accordance with the present invention having such 
25 arrangements, in the transmitter of the spectrum spread 
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communication device, an inputted information signal is 
allocated to a plurality of sequences that are set to a 
predetermined speed based upon an information speed signal 
of the inputted information signal so that the respective 
5 signals on the plurality of sequences are spectrum-spread 
by using mutually different spread codes having the same 
code speed and the same code length; therefore, since it 
is not necessary to add common control bits for each of the 
encoding cycle, and since it is not necessary for the 

10 information modulator to modulate at a speed not less than 
the maximum information speed that can be taken, the 
information modulation speed in the information modulator 
can be lowered, and the circuit in the information modulator 
can be simplified. Moreover, when the information speed is 

15 lowered, it is possible to transmit information with high 
quality. 

[0014] Moreover, in the. spectrum spread receiver, the 
received signal is distributed to a plurality of sequences, 
and in each of the sequences, is subjected to an inverse 

20 spread process by using mutually different inverse spread 
codes having the same code speed and the same code length, 
and based upon the output information, the speed of the 
information signal to be demodulated is instantaneously 
judged among some information speeds, and by using the 

25 resulting speed information, the demodulated signals on the 
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plurality of sequences are re-composed on the same sequence; 
therefore, since it is not necessary to demodulate at a speed 
not less than the maximum information speed that can be taken, 
and since it is not necessary to judge the speed information 
5 in the decoder, the information demodulating speed in the 
information demodulator is lowered, the decoding time in 
the decoder is shortened, and the circuits of the information 
demodulator and the decoder can be simplified. Moreover, 
when the information speed is lowered, it is possible to 

10 decode information with high quality. 

[0015] Moreover, in order to achieve the other object of 
the present invention, another spectrum spread communication 
device on the transmitting side of the present invention 
is provided with: an information signal re-composing device 

15 for allocating an inputted information signal to a plurality 
of sequences that are set to a predetermined speed based 
upon information speed signal of the inputted information 
signal; a code generator for changing timing and a cycle 
in which a spread code is generated in accordance with the 

20 information speed signal; a spread modulator for 
spectrum-spreading the respective signals on the plurality 
of sequences by using different spread codes having the same 
code speed and the same code length that have been generated 
by the code generator; and transmitting means for adding 

25 the outputs of the plurality of sequences from the spread 
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modulator so as to output the resulting signal. Moreover, 
still another spectrum spread communication device on the 
transmitting side of the present invention may be arranged 
so that at least either of the number of sequences and the 
5 cycle of the spread codes to be used is made changeable 
depending on the initial transmission time and the succeeding 
transmitting time of the input information. Furthermore, 
still another spectrum spread communication device on the 
transmitting side may be provided with a code generator that 
10 is allowed to generate a spread sequence having kinds of 
spread codes as many as gold codes with the same code length 
or a spread sequence having more kinds of spread codes than 
M-sequence with the same code length. 

[0016] Moreover, in order to achieve another object of the 
15 present invention, still another spectrum spread 
communication device is provided with: means for 
distributing a receiving signal that has been 
spectrum-spread to a plurality of sequences; a plurality 
of matching filters that are placed on the sequences and 
20 designed to carry out an inverse spread process by using 
mutually different inverse spread codes having the same code 
speed and the same code length; an information speed judging 
device for judging the speed of an information signal to 
be demodulated based upon an output information from the 
25 matching filters; and a demodulation signal re^composing 



device for re-composing the demodulated signals on the 
sequences that have been demodulated in accordance with the 
information speed obtained by the information speed judging 
device to the original information signal, and in this 
5 arrangement, at least either of the number of sequences and 
the cycle of the inverse spread codes to be used is made 
changeable depending on the receiving stand-by time and the 
data receiving time of the input information. 
[0017] Moreover, another spectrum spread communication 

10 device of the present invention on the receiving side may 
have an arrangement in which, upon receipt of data, the inverse 
spreading process is carried out by allowing the group of 
the spread codes to cycle so that at least adjacent spread 
codes are made different, on the basis of one cycle of the 

15 spread codes on each of the plurality of sequences, and in 
this case, an inverse spread sequence is allowed to have 
kinds of spread codes as many as gold codes with the same 
code length or to have more kinds of spread codes than 
M-sequence with the same code length. Additionally, in still 

20 another spectrum spread communication device of the present 
invention, both of the above-mentioned means on the 
transmitting side and means on the receiving side may be 
installed. 

[0018] In accordance with another invention as described 
25 above, it is possible to realize a spectrum spread 



communication device which can be used even under 
transmission environments having a delay wave and is suitable 
for the CDMA communication that can improve the probability 
of the initial synchronization at the time of receiving. 
5 Moreover, since the inverse spreading process is carried 
out by allowing the group of the spread codes to cycle so 
that at least adjacent spread codes are made different, on 
the basis of one cycle of the spread codes on each of the 
plurality of sequences, it becomes possible to separate delay 

10 waves exceeding one cycle of the spread codes and further 
to compose the waves, and since the spread codes are provided 
as a spread sequence that has kinds of spread codes as many 
as gold codes with the same code length or a spread sequence 
that has more kinds of spread codes than M-sequence with 

15 the same code length, it is possible to provide a spectrum 
spread communication device that is suitable for the CDMA 
communication that can be used by a number of unspecified 
users under transmission environments that are susceptible 
to delay waves, 

20 [0019] 

[Preferred Embodiments of the Invention] Referring to 
Figures, the following description will discuss the first 
embodiment of a spectrum spread communication device in 
accordance with the present invention. Fig. 1 shows one 
25 example of the construction of a spectrum spread transmitter 



20 



in accordance with a first embodiment of the spectrum spread 
communication device of the present invention. In this 
Figure, an information signal 811 is encoded by an encoder 
813 by using an information speed signal 812. The encoded 
information signal 811 is inputted to an information signal 
re-composing device 814, and after having been converted 
to an information signal having the same speed by the 
information speed signal 812, this is allocated to k-number 
of sequences. The information signals thus allocated are 
inputted to a spread modulator 817 where they are 
spectrum-spread by being respectively multiplied by spread 
codes PN1 to PNk that are generated by a spread code generator 
816 that changes the timing of generation and the cycle of 
spread codes based upon the information speed signal 812. 
In this case, the code speed (chip rate) of the spread codes 
PN1 to PNk is the same, and the spread codes are made mutually 
different with the same code length. Here, k is a positive 
integer . 

[0020] The k-number of information signals that have been 
spectrum-spread by the spread modulator 817 are modulated 
in an information modulator 815 based upon a predetermined 
modulation sequence such as the DBPSK modulation, QPSK 
modulation or offset QPSK modulation, etc. In other words, 
the modulation is carried out on a u-bit basis. Here, u is 
a positive integer, and in the case of the BPSK modulation, 



this is equal to 1, and in the case of the QPSK modulation, 
this is equal to 2. Then, the k-number of signals, modulated 
in the information modulator 815, are added in an adder to 
form a transmission signal 818. 
5 [0021] Fig. 2(a) shows a signal format of the information 
signal 811 whose information speed is changed in accordance 
with a data source in the spectrum spread transmitter arranged 
as described above, and Fig. 2(b) shows a signal format of 
a transmission signal 818. Here, for convenience of 

10 explanation, it is supposed that the modulation sequence 
of the information modulator 815 is the BPSK modulation 
sequence, that is, u = 1, and the spread code generator 816 
generates three kinds of spread codes PN1 to PNk, that is, 
PN1, PN2 and PN3. Moreover, the cycle of the spread codes 

15 PN1, PN2 and PN3 are set to r (sec). Here, since the 
modulation sequence of an information signal ai is set to 
the BPSK modulation, this forms an information signal of 
1 (bit) . Here, i is a positive integer. 

[0022] In Fig. 2 (a) , state 1 shows a case in which information 
20 signals al, a2, ... al7, al8 are set to have the greatest 
information speed 3/ r (bps) of an image signal, etc. In 
this case, the speed of the inputted information signal is^ 
set to 3 times as fast as the information speed that has 
been allocated in the information signal re-composing device 
25 814; therefore,, this is allocated to three sequences. This 
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allocation is made as follows: information signals al, a4, 
a7 ... derived from the information signal ai whose i is 
represented by 3m + 1 (where m represents 0, 1, 2, .... ) are 
allocated to a first sequence; information signals a2, a5, 
5 a8 ... derived from the information signal ai whose i is 
represented by 3m + 2 are allocated to a second sequence; 
and information signals a3, a6, a9 ... derived from the 
information signal ai whose i is represented by 3 (m + 1) 
are allocated to a third sequence. Here, the speed of the 
10 respective information signals of the three sequences thus 
allocated is set to a common speed of 1/ r (bps) that is a 
speed of 1/3 of the original speed. 

[0023] In this manner, the information signals, which have 
been allocated to the three sequences in the information 

15 signal re-composing device 814, are respectively 
spectrum-spread in the spread modulator 817, and further 
respectively BPSK-modulated in the information modulator 
815. Here, in the spread modulator 817, the information 
signals al, a4, a7 ... of the first sequence are subjected 

20 to spectrum spread processes by the spread codes PN1, the 
information signals a2, a5, a8 ... of the second sequence are 
subjected to spectrum spread processes by the spread codes 
PN2, and the information signals a3, a6, a9 ... of the third 
sequence are subjected to spectrum spread processes by the 

25 spread codes PN3 . Thus, transmission signals of the three 
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sequences as shown in state 1 of Fig. 2(b) are obtained. 
These transmission signals of the three sequences are added, 
and transmitted as a transmission signal 818. 
[0024] State 2 shows a case in which information signals 
5 al, a2, a3, a4 ... are set to have an information speed of 
2/ r (bps) . In this case, the speed of the inputted 
information signal is set to 2 times as fast as the information 
speed that has been allocated in the information signal 
re-composing device 814; therefore, this is allocated to 

10 two sequences. This allocation is made as follows: 
information signals al, a3, a5 ... derived from the information 
signal ai whose i is represented by an odd number are allocated 
to a first sequence; and information signals a2, a4, a6 ... 
derived from the information signal ai whose i is represented 

15 by an even number are allocated to a second sequence. Here, 
the speed of the respective information signals of the two 
sequences thus allocated is set to a common speed of 1/ 
r (bps) that is a speed of 1/2 of the original speed. 
[0025] In this manner, the information signals, which have 

20 been allocated to the two sequences in the information signal 
re-composing device 814, are respectively spectrum-spread 
in the spread modulator 817, and further respectively 
BPSK-modulated in the information modulator 815. Here, in 
the spread modulator 817, the information signals al, a3, 

25 a5 ... of the first sequence are subjected to spectrum spread 



processes by the spread codes PN1, and the information signals 
a2, a4, a6 ... of the second sequence are subjected to spectrum 
spread processes by the spread codes PN2 . In this case, the 
spread code PN3 is not used. Thus, transmission signals of 
5 the two sequences as shown in state 2 of Fig. 2(b) are obtained. 
These transmission signals of the two sequences are added, 
and transmitted as a transmission signal 818. 
[0026] State 3 shows a case in which information signals 
al, a2, a3, a4 ... are set to have an information speed of 

10 1/ r (bps) . In this case, the speedof the information signal 
is equal to the speed outputted by the information signal 
re-composing device 814; therefore, these signals, as they 
are, are outputted as information signals of the single 
sequence. The information signals of the first sequence, 

15 released from the information signal re-composing device 
814, are respectively spectrum-spread in the spread 
modulator 817, and further respectively BPSK-modulated in 
the information modulator 815 . Here, in the spreadmodulator 
817, the information signals al, a2, a3 ... of the first sequence 

20 are subjected to spectrum spread processes by the spread 
codes PN1. In this case, the spread codes PN2 and PN3 are 
not used. Thus, transmission signals of the single sequence 
as shown in state 3 of Fig. 2 (b) are obtained, and transmitted 
as a transmission signal 818. 

25 [0027] State 4 shows a case in which information signals 
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al, a2, a3 ... are set to have an information speed of 1/2 
r (bps) . In this case, the speed of the information signal 
is 1/2 of the speed outputted by the information signal 
re-composing device 814; therefore, the information signal 
5 ai is outputted as the first sequence during an odd-numbered 
period for every x , and is also outputted as the second 
sequence during an even-numbered period for every r . The 
outputted information signal ai of the first sequence and 
the second sequence having the same contents are 

10 spectrum-spread in the spread modulator 817, and further 
BPSK-modulated in the information modulator 815. Here, the 
speed of the information signals of the two sequence, 
outputted from the information signal re-composing device 
814, are set to have a common speed of 1/ r (bps) that is two 

15 times as fast as the original signal. 

[0028] Moreover, in the spread modulator 817, the information 
signals al, a2, a3 ... of the first sequence are spectrum-spread 
by the spread codes PN1, and the information signals al, 
a2, a3 ... of the second sequence are spectrum-spread by the 

20 spread codes PN2 . In this case, the spread code PN3 is not 
used. Thus, the transmission signals of two sequences, as 
shown in state 4 of Fig. 2 (b) , are obtained. - The transmission 
signals of the two sequences are added, and transmitted as 
a transmission signal 818 . In this manner, the transmission 

25 signal 818 is formed as follows: the two sequences are spread 
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by the spread code PN1 and PN2, each having an interval of 
2 r (sec. ) with a time difference of r (sec. ) , that is, a time 
difference of one cycle of the spread code, and these two 
sequences are added. 
5 [0029] State 5 shows a case in which information signals 
al, a2, ... are set to have an information speed of 1/3 r (bps) . 
In this case, the information speed is set to 1/3 of the 
speed of the information signal outputted from the 
information signal re-composing device 814; therefore, the 

10 information signal ai is outputted as the first sequence 
during the first r period of the 3 r cycle, the information 
signal ai is outputted as the second sequence during the 
second r period of the 3 x cycle, and the information signal 
ai is also outputted as the third sequence during the third 

15 r period of the 3 r cycle. The outputted information signal 
ai of the three sequences of the first to third sequences 
having the same contents are spectrum-spread in the spread 
modulator 817, and further BPSK-modulated in the information 
modulator 815. Here, the speed of the information signals 

20 of the three sequences, outputted from the information signal 
re-composing device 114, are set to have a common speed of 
1/ r (bps) that is three times as fast as the original signal. 
[0030] Moreover, in the spread modulator 8 17 , the information 
signals al, a2, a3 ... of the first sequence are spectrum spread 

25 by the spread code PN1, the information signals al, a2, a3 
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... of the second sequence are spectrum spread by the spread 
code PN2, and the information signals al, a2, a3 ... of the 
third sequence are spectrum spread by the spread code PN3 . 
Thus, the transmission signals of the three sequences, as 
5 shown in state 5 of Fig. 2 (b) , are obtained. The transmission 
signals of the three sequences are added, and outputted as 
a transmission signal 818 . In this manner, the transmission 
signal 818 is formed as follows: the three sequences are 
spread by the spread codes PN1, PN2 and PN3, each having 
10 an interval of 3 r (sec. ) with a time difference of r (sec. ) , 
that is, a time difference of one cycle of the spread code, 
and these three sequences are added. 

[0031] As described above, the three kinds of the spread 
codes, respectively constitutedbymutually different codes, 

15 having the same code length with the same code speed (chip 
rate) , are used so that spectrum spread transmitting 
processes of the information signals having different speeds 
of five kinds are available. Here, the explanation has been 
given of the case in which the three kinds of spread codes 

20 are used; however, in the same manner, in the case of k-number 
of spread codes, information signals having information 
speeds of (2k - 1) kinds can be transmitted. Here, k is an 
integer not less than 2. In this case, when the speed of 
the inputted information signal from a data source has a 

25 high speed, the information speed is lowered so that the 



transmission is made in parallel by using a plurality of 
sequences. Moreover, when the speed of the inputted 
information signal from a data source has a low speed, the 
information speed is raised so that the information signals 
of the same contents are transmitted in parallel by using 
a plurality of sequences . Therefore, pieces of information 
ranging from high-speed to low-speed can be transmitted by 
using a transmission path of the same band can be transmitted, 
and in the case of the low-speed information, a high-quality 
transmission process is available. 

[0032] Next, Fig. 3 shows one example of the construction 
of a spectrum spread receiver in the spectrum spread 
communication device of the present invention. In this 
Figure, a received signal 821 is inputted to an inverse spread 
modulator 822 in which an inverse spread process is carried 
out. In this case, in the inverse spread modulator 822, the 
inverse spread process is carried out in k-number of matching 
filter 1 to matching filter k that carry out inverse spread 
processes corresponding to spread codes of a plurality of 
sequences at the time of transmission. Here, with respect 
to the matching filters 1 to k, those asynchronous filters 
that can instantaneously obtain their outputs, such as SAW 
(Surface Acoustic Wave) matching filers and digital matching 
filters, are used. 

[0033] The received signals of a plurality of sequences that 



have been inverse spread from the inverse spread modulator 

822 are inputted to an information signal speed j udging device 

823 at which the speed of each received signal is judged. 
The speed information signal 824, judged in the information 

5 signal speed judging device 823, are supplied to an 
information demodulator 825, a decoded signal re-composing 
device 826 and a decoder 827 . In the information demodulator 

825, in accordance with the speed information signal 824, 
a demodulation process corresponding to the modulation 

10 sequence used in the information modulator 815 of the 
transmitter is carried out in the sequences having signals 
to be. demodulated. These demodulated signals are inputted 
to the demodulated signal re-composing device 826 as- 
temporary demodulated signal 1, temporary demodulated signal 

15 2, temporary demodulated signal k of the plurality of 
sequences. In the demodulated signal re-composing device 

826, based upon the - speed information signal 824, the 
temporary demodulated signals of k-number of sequences are 
re-composed on the same sequences . Next, in the decoder 827, 

20 decoding operations are carried out based upon the speed 
information signal 824. 

[0034] Fig. 4 is a timing chart that shows the operation 
of a spectrum spread receiver having the above-mentioned 
structure. Here, Fig. 4 shows a timing chart in the case 
25 of the same conditions as the above-mentioned Fig. 2. 



Moreover, since the kinds of the spread codes on the 
transmission side are three kinds, the matching filters of 
three kinds (matching filter 1, matching filter 2 andmatching 
filer 3) are provided. 
5 [0035] .State 1 shows a case in which an information signal 
having a maximum information speed 3/ r (bps) is transmitted. 
An inverse spread signal is outputted from the matching filter 
1 with an interval of r (sec. ) that is one cycle of the spread 
code, and at the same time, inverse spread signals are 

10 outputted from the matching filter 2 and matching filter 
3. In this manner, the inverse spread signals of the three 
sequences, outputted at the same time, are inputted to the 
information signal speed judging device 823 so that it is 
instantaneously judged that the information speed is 3/ 

15 r (bps) . The inverse spread signals of the three sequences, 
outputted from the inverse spreadmodulator 822, are inputted 
to an information demodulator 825 at which based upon the 
information speed signal 824 thus judged, they are 
BPSK-demodulated. The demodulated temporary demodulation 

20 signals 1, 2 and 3 of the three sequences are inputted to 
the demodulation signal re-composing device 826, and 
arranged in the order of the temporary demodulation signal 
1, temporary demodulation signal 2 and temporary, 
demodulation signal 3 on the single time series with an 

25 interval of t /3 (sec.) so that information signals having 
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information speeds of 3/r(bps) are demodulated. 
[0036] In this manner, the information signals transmitted 
in the plurality of sequences are re-arranged in the order 
of the original information signals, that is, ai, ai + 1, 
5 ... The demodulated signals, which have been re-arranged to 
^ one sequence, are subjected to decoding processes based upon 
the information speed signal 824 in the decoder 827; thus, 
the original information signal is reproduced as a 
demodulated information signal 828. 

10 [0037] State 2 shows a case in which an information signal 
having an information speed 2/ r (bps) is transmitted. An 
inverse spread signal is outputted from the matching filter 
1 with an interval of r ( sec and at the same time, an inverse 
spread signal is outputted from the matching filter 2. 

15 However, no output is given from the matching filter 3. In 
this manner, the inverse spread signals of the two sequences, 
outputted at the same time, are inputted to the information 
signal speed judging device 823 so that it is instantaneously 
judged that the information speed is 2/ r (bps) . The inverse 

20 spread signals of the two sequences, outputted from the 
inverse spread modulator 822, are inputted to an information 
demodulator 825 at which based upon the information speed 
signal 824 thus judged, they are BPSK-demodulated. The 
demodulated temporary demodulation signals 1 and 2 of the 

25 two sequences are inputted to the demodulation signal 
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re-composing device 826, and arranged in the order of the 
temporary demodulation signal 1 and temporary demodulation 
signal 2 on the single time series with an interval of r 
/2 (sec.) so that information signals having information 
5 speeds of 2/ r (bps) are demodulated. 

[0038] In this manner, the information signals transmitted 
in the plurality of sequences are re-arranged in the order 
of the original information signals, that is, ai, ai + 1, 
... The demodulated signals, which have been re-arranged to 
10 one sequence, are subjected to decoding processes based upon 
the information speed signal 824 in the decoder 827; thus, 
the original information signal is reproduced as a 
demodulated information signal 828. 

[0039] State 3 shows a case in which an information signal 
15 having an information speed 1/ r (bps) is transmitted. An 
inverse spread signal is outputted from the matching filter 
1 with an interval of r (sec. ) ; however, no outputs are given 
from the matching filter 2 and matching filter 3. In this 
manner, the inverse spread signal outputted from only one 
20 sequence is inputted to the information signal speed judging 
device 823 so that it is instantaneously judged that the 
information speed is 1/ r (bps) . The inverse spread signal 
of the single sequence, outputted from the inverse spread 
modulator 822, is inputted to an information demodulator 
25 825 at which based upon the information speed signal 824. 
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thus judged, it is BPSK-demodulated. The demodulated 
temporary demodulation signals 1 of the single sequence is 
inputted to the demodulation signal re-composing device 826, 
and outputted as it is so that an information signal having 
an information speed of 1/ r (bps) is demodulated. This 
demodulated signal is subjected to a decoding process based 
upon the information speed signal 824 in the decoder 827; 
thus, the original information signal is reproduced as a 
demodulated information signal 828. 

[0040] State 4 shows a case in which an information signal 
having an information speed 1/2 r (bps) is transmitted. An 
inverse spread signal is outputted from the matching filter 
1 with an interval of 2 r (sec. ) , and an inverse spread signal 
having an interval of 2 r (sec.) with an offset of r (sec.) 
is outputted from the matching filter 2 . However, no output 
is given from the matching filter 3. In this manner, the 
outputted inverse spread signals are inputted to the 
information signal speed judging device 823 so that it is 
instantaneously judged that the information speed is 1/2 
r (bps) . 

[0041] The inverse spread signals of the two sequences, 
outputted from the inverse spread modulator 822, are inputted 
to an information demodulator 825 at which based upon the 
information speed signal 824 thus judged, they are 
BPSK-demodulated. The demodulated temporary demodulation 



signals 1 and 2 of the two sequences are inputted to the 
demodulation signal re-composing device 826, and the 
temporary demodulation signals of the two sequences are 
composed so that the information signal having an information 
5 speed of 1/2 r (bps) is demodulated. The demodulated signal 
thus composed is subjected to a decoding process based upon 
the information speed signal 824 in the decoder 827 so that 
the original information signal is reproduced as a 
demodulated information signal 828, 
10 [0042] State 5 shows a case in which an information signal 
having an information speed 1/3 r (bps) is transmitted. An 
inverse spread signal is outputted from the matching filter 
1 with an interval of 3 r (sec. ) , and an inverse spread signal 
having an interval of 3 t (sec.) with an offset of r (sec.) 
15 is outputted f rom thematching filter 2 . Moreover, an inverse 
spread signal having an interval of 3 r (sec. ) that is further 
offset by r (sec.) is outputted from the matching filter 3. 
In this manner, the outputted inverse spread signals are 
inputted to the information signal speed judging device 823 
20 so that it is instantaneously judged that the information 
speed is 1/3 r (bps) . 

[0043] The inverse spread signals of the three sequences, 
outputted from the inverse spreadmodulator 822, are inputted 
to an information demodulator 825 at which based upon the 
25 information speed signal 824 thus judged, they are 
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BPSK-demodulated. The demodulated temporary demodulation 
signals 1, 2 and 3 of the three sequences are inputted to 
the demodulation signal re-composing device 826, and the 
temporary demodulation signals of the three sequences are 
composed so that the information signal having an information 
speed of 1/3 r (bps) is demodulated. The demodulated signal 
thus composed is subjected to a decoding process based upon 
the information speed signal 824 in the decoder 827 so that 
the original information signal is reproduced as a 
demodulated information signal 828. In this manner, the 
matching filters 1, 2 and 3 of the three kinds are used so 
that information signals having five kinds of different 
information speeds can be demodulated. In the same manner, 
by using k-kinds of matching filters, information signals 
having 2k - 1 kinds of information speeds can be received- 
Here, k is an integer not less than 2. 

[0044] In the spectrum spread communication device, the 
spectrum spread transmitter and the spectrum spread receiver 
are arranged in such a manner that it is possible to carry 
out a spectrum spread communication by using information 
signals that can take different information speeds, without 
the needs of transmitting the speed information as a pilot 
signal, of processing the information having a speed not 
less than the highest information speed that can be taken 
by the information modulator and information demodulator, 



and of carrying out a decoding process in the decoder while 
judging the information speed. 

[0045] Here, the spectrum spread communication device as 
described above is mainly used for high-speed spectrum spread 
communication in room environments, and when the information 
speed forming a reference (hereinafter, referred to as 
reference information speed) is raised to a high speed, or 
when the device is used outdoors , a great delay wave exceeding 
one cycle of the spread code might arrive. Referring to Fig. 
5, an explanation will be given of this case; and, for 
convenience of explanation, the following description will 
exemplify a case of state 5, shown in Fig. 4 that is least 
susceptible to the influences from a delay wave . In the case 
of no influences from a delay wave, outputs are generated 
in the matching filters with the transmitted intervals as 
shown in state 5. However, in the case when the reference 
information speed is low, since multi paths actually exist, 
a plurality of outputs are generated, as shown in case A 
in which delay waves of Fig. 5 are taken into consideration. 
In such a case, since the delay waves are located within 
one cycle r (sec. ) , it is possible to separate the respective 
delay waves and to compose them. 

[0046] Next, the case in which the reference information 
speed is high or in which a great delay wave exceeding one 
cycle t (sec. ) of the spread code arrives due to the outdoor 
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application of the device, is shown as case B in Fig. 5, 
which takes the multi-paths into consideration . In this case, 
although the delay wave arrives , exceeding one cycle r (sec.) 
of the spread code, the delay wave is located within 3r 
(sec. ) ; therefore, in the case of state 5, since the spread 
codes of the respective sequences do not overlap each other, 
it is possible to separate and compose these . However, under 
the radio transmission environments in which a great delay 
wave arrives exceeding one cycle r (sec) of the spread code, 
since the delay wave overlaps the next information signal 
as shown in state 1 to state 3 of Fig. 4, it is not possible 
to separate this. Moreover, if the great delay wave exceeds 
2 r (sec. ) , the separation becomes impossible even in state 
4, and if it exceeds 3r (sec), the separation becomes 
impossible in all the states . (Hereinafter, the transmission 
method of states 1 to 3 in Fig. 4 is referred to as simple 
parallel transmission, and the transmission method of states 
4 and 5 is referred to as re-sending type transmission.) 
[0047] A method to solve the above-mentioned problems has 
been proposed in the Spring National Seminar A-217, in 1996, 
etc . In this method, in order to make it possible to separate 
the delay wave exceeding one cycle of the spread code, the 
PN code is changed for each cycle of the spread code, and 
is allowed to cycle for each N-cycles; thus, the cyclic code 
for allowing the separation of the delay wave has been proposed. 
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This method makes it possible to separate the delay wave 
at the time of high-speed transmission; however, when the 
M-series and orthogonal M-series, which form general PN codes, 
are used, only the spread codes of approximately 630 kinds 
are obtained even at the time of the application of 13th-order 
series, resulting in a failure to obtain sufficient kinds 
of spread codes to be applied to the CDMA sequence . Moreover, 
in the case of the application of the 17th-order series, 
approximately 7710 kinds of spread codes are obtained; 
however, the code length becomes 131071. Therefore, when 
an attempt is made to achieve the user rate 10 Mbps, the 
code speed has to be increased beyond reality, or not a 
matching filter, but a sliding correlator, which has a 
difficulty in providing instantaneous outputs, needs to be 
adopted from the viewpoint of the circuit scale/ 
[0048] Furthermore, when the number of multiplex divisions 
is increased so as to suppress the code speed, more kinds 
of spread codes are required, causing a great circuit scale 
and an extremely high process. In this manner, any PN codes 
are not necessarily used in an attempt to apply them not 
only indoors but also outdoors, and it is necessary to use 
spread codes that are suitable for the CDMA communication 
used indoors as well as outdoors. Moreover, in the case of 
the re-sending type transmission, since the spread code is 
not sent for each cycle in each series, the probability of 
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detection tends to deteriorate at the time of the initial 
synchronization detection , 

[0049] In order to solve the above-mentioned problems, in 
the second embodiment of the spectrum spread communication 
device of the present invention, the spread code is changed 
for each cycle, and allowed to cycle for every N-cycles, 
and depending not only on the information speed of the input 
information signal, but on the radio transmission 
environments, the processes taken after the information 
signal re-composing section are altered. Moreover, at the 
transmission start time as well as the data transmission 
time, both of the number of spread codes and cycle, or either 
one of them is changed. Thus, even when there is a great 
delay, the device becomes applicable, and makes it possible 
to improve the probability of initial synchronization upon 
receiving. Moreover, in the second embodiment of the 
spectrum spread communication device of the present 
invention, the spread codes are made from gold codes, 
orthogonal gold codes, bulk codes, orthogonal bulk codes, 
or codes that are made from a spread sequence having kinds 
of spread codes as many as gold codes with the same code 
length or a spread sequence having more kinds of spread codes 
than M-sequence with the same code length, such as codes 
of respective rows on the M-plane that are. two-dimensional 
cyclic codes constituted by two-dimensional shift registers 



and rearrangements of sequences having long cycles; thus, 
the device becomes suitable for the CDMA communication that 
can be used indoors as well as outdoors by a number of 
unspecified users . 

[0050] Next, referring to Figs. 6 to 10, the following 
description will discuss the second embodiment of a spectrum 
spread communication device in accordance with the present 
invention. Fig. 6 is a block diagram that shows one example 
of the construction of a spectrum spread transmitter in the 
spectrum spread communication device of the present 
invention, Fig. 7 is a circuit diagram that shows one example 
of the construction of a spread code generator for generating 
gold codes, Fig. 8 is a circuit diagram that shows one example 
of the construction of a spread code generator for generating 
orthogonal gold codes, Fig. 9 is a drawing that shows a state 
of a transmission signal with respect to an inputted 
information signal, and Fig. 10 is a block diagram that shows 
one example of the construction of a spectrum spread receiver 
in the spectrum spread communication device of the present 
invention. 

[0051] In Fig. 1, an information signal 111 is inputted to 
an information signal re-composing device 114, and the 
inputted information signal 111 is allocated to k-number 
of sequences in accordance with both of the information speed 
and radio transmission environments or either one of them. 



Here, the speed of the information signal in each sequence 
is set to a reference information speed at the same speed. 
Here, the information signals, allocated to sequence 1 to 
sequence k, are encoded by encoders 115 respectively. Next, 
in a spread modulator 117, the information signals of the 
respective sequences are spectrum-spread by using mutually 
different spread codes PN1 to PNk having the same code speed 
(chip rate) and the same code length that are generated from 
a spread code generator 116 having an alternating means for 
alternating the generation timing and the cycle, by using 
the information speed signal 112 and the initial 
communication signal 113. Here, k is a positive integer. 
[0052] Then, the information signals, thus spectrum spread, 
are modulated in an information modulator 118 on a basis 
of u-bit by using a predetermined modulation method such 
as the DBPSK modulation, QPSK modulation, or offset QPSK 
modulation. Here, u is a positive integer, which is 1 in 
the case of the BPSK modulation, and is 2 in the case of 
the QPSK modulation. Here, the encoders 115 may be pre-set 
with respect the information signal re-composer 114 so as 
to carry out encoding processes by taking the re-composition 
of the information signal into consideration. 
[0053] Here, at the time of the transmission start, in order 
to improve the initial synchronization probability, the 
processes of the information signal re-composing section 



114, the encoding section 115, the spread code generator 
116, the information modulator 118, etc, are changed from 
those processes at the time of data transmission. The signal 
used for this purpose is an initial communication signal 
5 113, and this initial communication signal 113 may be formed 
by an initial communication signal on the spectrum spread 
receiver side that is provided together with the spectrum 
spread transmitter. Moreover, the initial communication 
signal, sent together with the information signal, may be 

10 used, or the initial communication signal generated on the 
transmitter side may be used. Moreover, a signal, formed 
by adding the state of the radio transmission detected on 
the receiver side to the initial communication signal, may 
be used so as to make the alteration at the time of the 

15 transmission start. Moreover, if preliminarily defined, 
the initial communication signal may be interpolated between 
continuous information signals, and in this case in the same 
manner as the transmission stand-by time, the receiving side 
is altered. 

20 [0054] Moreover, the spread code generator 116 is allowed 
to generate gold codes, orthogonal gold codes, bulk codes, 
orthogonal bulk codes, which are comparatively good at 
self-correlation and mutual correlation, or codes that are 
made from a spread sequence having kinds of spread codes 

25 as many as gold codes with the same code length or a spread 
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sequence having more kinds of spread codes than M-sequence 
with the same code length, such as codes of respective rows 
on the M-plane that are two-dimensional cyclic codes 
constituted by two-dimensional shift registers and 
5 rearrangements of sequences having long cycles . The circuit 
shown in Fig. 7 is a generally-used generation circuit for 
gold codes, and as shown in the Figure, this circuit is 
constituted by two pairs of shift registers SRI, SR2, and 
modulo-2 adders MOD-1, MOD-2 for adding predetermined tap 
10 outputs from the shift registers SRI, SR2 . These two pairs 
of shift registers SRI, SR2 generate respectively different 
M-series codes, and the M-series codes thus generated are 
added by the modulo-2 adder MOD-3 so that gold codes are 
generated. 

15 [0055] Moreover, Fig. 8 shows one example of a circuit for 
generating an orthogonal gold sequence. In this orthogonal 
gold series generation circuit, two PN series generator 1 
and PN series generator 2, made of shift registers for 
respectively generate M-sequences, are allowed to have data 

20 holding functions, and a data holding process for each 
one-chip time is carried out by using first timing signal 
(Timing) 1 every 2n cycles. The output sequences of the two 
PN series generator 1 and PN series generator 2 are subjected 
to an addition of modulo 2 in an exclusive OR (XOR1) , and 

25 the portion subjected to the data hold is outputted by the 
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second timing signal (Timing 2) in an AND circuit (AND1) . 
Thus, the gold code having a code length of 2n - 1 is formed 
into an orthogonal gold code having a code length of 2n. 
Here, the circuit shown in Figs. 7 and 8 is only one example, 
5 and the present invention is not intended to be limited by 
this. Moreover, not limited to the two pairs of the shift 
registers, three pairs thereof may be used so that the bulk 
codes or orthogonal bulk codes are made to have comparatively 
good mutual correlation and self -correlation, and the kinds 

10 of codes may be further increased. 

[0056] Here, in the M-series and the orthogonal M-series, 
even when 15th-order sequence is used, only 1800 kinds of 
sequences are obtained and the code length is as long as 
32767. For this reason, when the user rate is increased, 

15 the code speed has to be made faster. Therefore, in order 
to maintain sufficient kinds of codes that are practically 
used, the circuit scale becomes extremely bulky, and 
high-speed processes are also required. In contrast, for 
example, when gold codes or orthogonal gold codes are used, 

20 by using the llth-order sequence, 2047 kinds of codes "are 
generated, and when the bulk codes, the orthogonal bulk codes , 
etc . are used, the kinds of usable codes are further increased, 
without lengthening the code length. As a result, this effect 
makes it possible reduce the circuit scale. 

25 [0057] Moreover, it is possible to provide a spectrum spread 



transmitter that is suitable for CDMA regardless of indoor 
and outdoor uses. Furthermore, in the second embodiment of 
the spectrum spread communication device of the present 
invention, in order to allow separation of delay waves, as 
5 will be described later, a plurality of spread codes are 
used while allowing them to cycle on one sequence, with the 
result that a number of spread codes are required- In this 
case also, since the above-mentioned kinds of codes for the 
. spread codes provides sufficient codes in number, it is 

10 possible to form desirable spread codes. 

[0058] Next, Fig. 9(a) shows the signal formof the information 
signal 111 in which the information speed is changed in 
accordance with radio transmission environments and data 
sources in the spectrum spread transmitter shown in Fig, 

15 6, and Fig. 9(b) shows the signal form of its transmission 
signal 119. Here, for convenience of explanation, these 
drawings show signal forms in which, when 3 kinds (k = 3) 
of spread codes k are provided, and when one cycle of the 
spread code is set to r (sec. ) , delay waves up to 3 r (sec. ) 

20 canbe separated. Moreover, it is assumed that themodulation 
systemof the inf ormat ion modulator 118 is the BPSKmodulation 
system; that is, the respective information signals ai 
contain data of 1 (bit) . Here, i is a positive integer. 
Furthermore, in this case, since it is supposed that a great 

25 delay wave arrives in 2 r to 3 r (sec), the radio 
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transmission environments, mentioned here, refer to 
influences other than multi-paths, for example, phasing, 
interferences from other stations, etc. 

[0059] State 1 shown in Fig. 9(a) is a case in which the 
5 inputted information signal 111 has the greatest information 
speed of 3/ r (bps) available and/or a case of very good radio 
transmission environments. Here, with respect to the 
information signal ai, this shows only 18 signals, 1 to 18. 
In this state 1, the inputted information signal 111 is 

10 successively allocated to three sequences, and respectively 
spectrum-spread in the spreadmodulator 117. In other words , 
when i is 3m + 1 in ai, the information signal ai is allocated 
to the first sequence, and the spread code PN10, the spread 
code PN11 and the spread code PN12 are allowed to cycle, 

15 and used in succession. Thus, the information signal ai at 
the time of i = 3m + 1 is spectrum-spread. In other words, 
the information signal al is spectrum-spread by the spread 
code PN10, the information signal a4 is spectrum-spread by 
the spread code PN11, the information signal a7 is 

20 spectrum-spread by the spread code PN12, the information 
signal alO is spectrum-spread by the spread code .PNIO, the 
information signal al3 is spectrum-spread by the spread code 
PN11, and the information signal al6 is spectrum-spread by 
the spread code PN12, respectively. 

25 [0060] Moreover, when i is 3m + 2, the information signal 



ai is allocated to the second sequence, and the spread code 
PN20 , the spread code PN2 1 and the spread code PN22 are allowed 
to cycle, and used in succession. Thus, the information 
signal ai at the time of i = 3m +-2 is spectrum-spread. In 
5 other words, the information signal a2 is spectrum-spread 
by the spread code PN20, the information signal a5 is 
spectrum-spread by the spread code PN21, the information 
signal a8 is spectrum-spread by the spread code PN22, the 
information signal all is spectrum-spread by the spread code 

10 PN20, the information signal al4 is spectrum-spread by the 
spread code PN21, and the information signal al7 is 
spectrum-spread by the spread code PN22, respectively. 
Furthermore, when i is 3 (m + 1) , the information signal ai 
is allocated to the third sequence, and the spread code PN30, 

15 the spread code PN31 and the. spread code PN32 are allowed 
to cycle, and used in succession. Thus, the information 
signal ai at the time of i = 3 (m + 1) is spectrum-spread. 
In other words, the information signal a3 is spectrum-spread 
by the spread code PN30, the information signal a6 is 

20 spectrum-spread by the spread code PN31, the information 
signal a9 is spectrum-spread by the spread code PN32, the 
information signal al2 is spectrum-spread by the spread code 
PN30, the information signal al5 is spectrum-spread by the 
spread code PN31, and the information signal al8 is 

25 spectrum-spread by the spread code PN32, respectively. Here, 
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m is 0, or a positive integer. 

[0061] Here, the allocation of the information signal to 
the first sequence to third sequence in the spread modulator 
117 is carried out in the information signal re-composing 
5 device 114, and in this case, the information speeds on the 
respective sequences are set to a common speed of 1/ r (bps) , 
that is, 1/3 times thereof. Therefore, the transmission 
signal after the spreading process forms a signal as shown 
in state 1 of Fig. 9 (b) . Thus, the information signal spread 

10 by the same spread code comes to appear every 3 r (sec.) as 
shown in the Figure with intervals of not less than 3 r (sec . ) ; 
therefore, even in the case of poor radio transmission 
environments causing great delay waves as indicated by case 
B in which the multi-paths of Fig. 5 have been taken into 

15 consideration, it is possible to separate and compose the 
respective delay waves. 

[0062] Next, state 2 shown in Fig. 9(a) is a case in which 
the inputted information signal 111 has an information speed 
of 2/ r (bps) and/or a case of comparatively good radio 

20 transmission environments. Here, this shows the 

information signal ai with i being varied from 1 to 12. When 
i is 2m + 1, the information signal ai is allocated to the 
first sequence, and the spread code PN10, the spread code 
PN11 and the spread code PN12 are allowed to cycle, and used 

25 in succession. Thus, the information signal ai at the time 



of i = 2m + 1 is spectrum-spread. In other words, the 
information signal al is spectrum-spread by the spread code 
PN10, the information signal a3 is spectrum-spread by the 
spread code PN11, the information signal a5 is 
5 spectrum-spread by the spread code PN12, the information 
signal a7 is spectrum-spread by the spread code PN10, the 
information signal a9 is spectrum-spread by the spread code 
PN11, and the information signal all is spectrum-spread by 
the spread code PN12, respectively, 

10 [0063] Moreover, when i is 2(m + 1), the information signal 
ai is allocated to the second sequence, and the spread code 
PN20, the spread code PN21 and the spread code PN22 are allowed 
to cycle, and used in succession. Thus, the information 
signal ai at the time of i = 2 (m + 1) is spectrum-spread. 

15 In other words, the information signal'a2 is spectrum-spread 
by the spread code PN20, the information signal a4 is 
spectrum-spread by the spread code PN21, the information 
signal a6 is spectrum-spread by the spread code PN22, the 
information signal a8 is spectrum-spread by the spread code 

20 PN20, the information signal alO is spectrum-spread by the 
spread code PN21, and the information signal al2 is 
spectrum-spread by the spread code PN22, respectively. Here, 
m is 0, or a positive integer. 

[0064] In this case, the two sequences of the spread modulator 
25 117 are used, and no information exists on sequence that 
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is spread by the spread code PN30 sequence. Here, the 
allocation of the information signal to the first sequence 
and second sequence in the spread modulator 117 is carried 
out in the information signal re-composing device 114, and 
5 in this case, the information speeds on the respective 
sequences are set to a common speed of 1/ r (bps), that is, 
1/2 times thereof. Therefore, the transmission signal after 
the spreading process forms a signal as shown in state 2 
of Fig. 9(b) . Thus, the information signal spread by the 

10 same spread code comes to appear every 3r (sec.) as shown 
in the Figure with intervals of not less than 3r (sec); 
therefore, even in the case of poor radio transmission 
environments causing great delay waves as indicated by case 
B in which the multi-paths of Fig. 5 have been taken into 

15 consideration, it is possible to separate and compose the 
respective delay waves. 

[0065] Moreover, state 3 shown in Fig. 9(a) is a case in 
which the inputted information signal 111 has an information 
-speed of 1/ r (bps) and/or a case of comparatively good radio 

20 transmission environments. Here, this shows the 

information signal ai with i being varied from 1 to 6. Then, 
the information signal ai is all allocated to the first 
sequence, and the spread code PN10, the spread code PN11 
and the spread code PN12 are allowed to cycle, and used in 

25 succession; thus, the information signal ai is 
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spectrum-spread. In other words, the information signal al 
is spectrum-spread by the spread code PN10, the information 
signal a2 is spectrum-spread by the spread code PN11, the 
information signal a3 is spectrum-spread by the spread code 
PN12, the information signal a4 is spectrum-spread by the 
spread code PN10, the information signal a5 is 
spectrum-spread by the spread code PN11, and the information 
signal a6 is spectrum-spread by the spread code PN12, 
respectively. 

[0066] In this case, one sequence of the spread modulator 
117 is used, and no information exists on sequence that is 
spread by the spread code PN20 sequence and the spread code 
PN30 sequence. Here, the allocation of the information 
signal to the first sequence in the spread modulator 117 
is carried out in the information signal re-composing device 
114. In this case, the information speeds on the respective 
sequences are set to a common speed of 1/ r (bps) , that is, 
the same common speed as the transmission speed of the inputted 
information signal 111. Therefore, the transmission signal 
after the spreading process forms a signal as shown in state 
3 of Fig. 9(b) . Thus, the information signal spread by the 
same spread code comes to appear every 3r (sec.) as shown 
in the Figure with intervals of not less than 3r (sec); 
therefore, even in the case of poor radio transmission 
environments causing great delay waves as indicated by case 
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B in which the multi-paths of Fig. 5 have been taken into 
consideration, it is possible to separate and compose the 
respective delay waves. 

[0067] Moreover, state 4 shown in Fig. 9(a) is a case in 
5 which the inputted information signal 111 has an information 
speed of 1/2 t (bps) and/or a case of comparatively poor radio 
transmission environments. Here, this shows the 

information signal ai with i being varied from 1 to 3. Then, 
the information signal ai is allocated to the first sequence, 

10 and the spread code PN10 and the spread code PN11 are allowed 
to cycle, and used in succession; thus, it is spectrum-spread 
every 2r (i - 1) (sec.) . Moreover, the same information 
signal ai is allocated to the second sequence with an offset 
of one cycle of the spread code, and the spread code PN20 

15 and the spread code PN21 are allowed to cycle, and used in 
succession; thus, it is spectrum-spread every 2 r (i - 1) + 
r (sec. ) . 

[0068] Here, the allocation of the information signal ai 
is carried out in the information signal re-composing device 

20 114 , and in this case, the information speeds on the respective 
sequences are set to a common speed of 1/ r (bps), that is, 
2 times thereof. Therefore, in the first sequence using the 
spread code PN10 and the spread code PN11 and the second 
sequence using the spread code PN20 and the spread code PN21, 

25 the spread codes on the respective sequences are alternately 
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spread with a cycle of 2 r (sec. ) . Moreover, there is a time 
gap of t (sec.) between the sequences. In this case, in the 
respective sequences, the same information signal is 
multiplied by the corresponding spread code. Moreover, in 
,5 this case, no information signal to be spread by the PN30 
sequence exists . Therefore, this forms a signal that is shown 
in state 4 in Fig. 9. Thus, the information signal, spread 
by the same spread signal, comes to appear every 4r (sec.) 
with intervals of not less than 3 r (sec. ) ; thus, even in the 

10 case of poor radio transmission environments causing great 
delay waves as indicated by case B in which the multi-paths 
of Fig. 5 have been taken into consideration, it is possible 
to separate and compose the respective delay waves. 
Consequently, it becomes possible to carry out signal 

15 transmission with high quality. 

[0069] Moreover, state 5 shown in Fig. 9(a) is a case in. 
which the information speed is 1/3 r (bps) and/or a case of 
very poor radio transmission environments . Here , this shows 
the information signal ai with i being set to 1 and 2. Then, 

20 the information signal ai is allocated to the first sequence, 
and spectrum-spread every 3r (i - 1 ) (sec.) by the spread 
code PN10. Moreover, the same information signal ai is 
allocated to the second sequence with an offset of one cycle 
of the spread code, and spectrum-spread every 3 r (i - 1 ) 

25 + r (sec.) by the spread code PN20. Moreover, the same 
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information signal ai is allocated to the third sequence 
with an offset of two cycles of the spread code, and 
spectrum-spread every 3r (i - 1 ) + 2 r (sec.) by the spread 
code PN30. 

[0070] Here, the allocation of the information signal ai 
is carried out in the information signal re-composing device 
114, and in this case, the information speeds on the respective 
sequences are set to a common speed of 1/ r (bps), that is, 
3 times thereof . Therefore, the transmission signals , which 
have been spectrum-spread by the spread code PN10, the spread 
code PN20 and the spread code PN30, come to appear in a 3 
r (sec.) cycle on the respective sequences, with the 
respective signals having a time difference of r (sec.) . 
Therefore, the transmission signal having been spread form 
signals that are shown in state 5 in Fig, 9(b); thus, the 
information signal, spread by the same spread signal, comes 
to appear every 3r (sec.) . Thus, the information signal, 
spread by the same spread signal, comes to appear every 3 
r (sec.) with intervals of not less than 3 r (sec); 
consequently, even in the case of poor radio transmission 
environments causing great delay waves as indicated by case 
B in which the multi-paths of Fig. 5 have been taken into 
consideration, it is possible to separate and compose the 
respective delay waves. Thus, it becomes possible to carry 
out signal transmission with high quality. 
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[0071] As described above, by using at most three kinds of 
mutually different spread codes having the same code speed 
(chip rate) and the same code length on one sequence, five 
kinds of information having different information speeds 
can be transmitted, and a transmission signal capable of 
separating a delay wave that does not exceed 3 cycles can 
be transmitted. Moreover, the above-mentioned explanation 
has dealt with a case having three sequences of spread codes; 
however, when the spread sequences are set to not less than 
four sequences, it becomes possible to transmit information 
signal at more kinds of information speed. Furthermore, in 
accordance with delay waves, not less than four kinds of 
codes are allowed to cycle on the same sequence. By using 
the initial communication signal, it is possible to easily 
alter the kind of spread codes on.the same sequence in response 
to the predicted time of arrival of a great delay wave. 
Moreover, when an appropriate cycle for cycling is set on 
the transmission side by confirming the state of arrival 
of a delay wave on the receiving side, it becomes possible 
to provide a best-suited spectrum spread transmitter for 
the CDMA communication at high-speed transmission. Here, 
in this arrangement, the spread codes are allowed to simply 
cycle; however, the present invention is not intended to 
be limited by this arrangement, and as long as the alteration 
method is preliminarily recognized on both of the transmitter 



and receiver, it is not necessary to provide a simple cycling 
arrangement, and any cycling method may be used. 
[0072] Next, referring to Fig. 10, an explanation will be 
given of a structural example of a spectrum spread receiver 
5 in accordance with the second embodiment of the spectrum 
. spread communication device of the present invention. In 
Fig. 10, in an inverse spread modulator 122, a received signal 
121 is distributed from a matching filter 1 constituted by 
mutually different inverse spread codes having the same code 

10 speed and the same code length to a matching filter k on 
each sequence. Then, the output signal, which has been 
subjected to the inverse spreading process, is supplied to 
an information demodulator 126 and an initial communication 
signal and information signal speed judging device 123. 

15 [0073] After the initial receiving process has been carried 
out, an information speed signal 124 and an initial 
communication signal 125 are outputted from the initial 
communication signal and the information speed signal 
judging device 123, and supplied to an information 

20 demodulator 126, a decoder 127 and a demodulation signal 
re-composing device 128 so that these are allowed to start 
respective operations. Thus, the information demodulator 
126 demodulates the output signal from the inverse spread 
modulator 122 so that temporary demodulation signals 1 to 

25 k to the respective sequences. The temporary demodulation 
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signals 1 to k are supplied to the demodulation signal 
re-composing device 128 for re-composing the demodulation 
signals in accordance with the information speed signal 124 
to the decoder 127 for carrying out a decoding process. The 
5 demodulation signal re-composing device 128 re-arranges and 
composes a group of signals supplied from the decoder 127 
in accordance with the information speed signal 124 so that 
the demodulated original information signal is outputted 
as a demodulated information signal 129. 

10 [0074] From the viewpoint of reproducing from states 9(b) 
to states 9(a), the initial communication, signal and 
information speed signal judging device 123 makes a judgment 
as to which state among states 1 to 5 shown in Fig. 9(b) 
is used for the transmission, based upon the output states 

15 of the matching filters 1 to k constituting the inverse spread 
modulator 122, and outputs the resulting information speed 
signal 124 to the information demodulator 126, the decoder 
127 and demodulation signal re-composing device 128. Upon 
receipt of the information speed signal 124, the respective 

20 devices re-arrange and compose the received signal that has 
the same state as any of the transmission signals of states 
1 to 5, shown in Fig. 9 (b) , and that has been supplied thereto, 
so that the demodulation signal having the original 
information speed as shown in Fig. 9(a) is reproduced. 

25 [0075] Moreover, it also makes a judgment as to the radio 
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transmission environments, such as multi-paths, phasing and 
interferences from other stations, that appear in the outputs 
from the matching filters constituting the inverse spread 
modulator 122, and outputs an initial communication signal 
125 containing this information on the radio transmission 
environments to the information demodulator 12 6, the decoder 

127 , the demodulation information signal re-composing device 

128. This information on the radio transmission 
environments may be contained in the initial communication 
signal 113 on the transmission side . Moreover, both or either 
of the number of spread sequences and the spread cycle to 
be used may be altered at the initial transmission time and 
receiving stand-by time so that it becomes possible to mainly 
increase the probability of the initial synchronization at 
the transmission time of re-transferring type, and 
consequently to provide an effective receiving operation. 
Here, with respect to the timing chart indicating the 
operations in states 1 to 5 of the spectrum spread receiver 
shown in Fig. 10, since it is the same as the timing chart 
indicated by Fig. 4, the description thereof is omitted. 
[0076] 

[Effects of the Invention] As described above, in the first 
embodiment of the present invention, in the transmitter of 
the spectrum spread communication device, an inputted 
information signal is allocated to a plurality of sequences 



that are set to a predetermined speed based upon an information 
speed signal of the inputted information signal so that the 
respective signals on the plurality of sequences are 
spectrum-spread by using mutually different spread codes 
having the same code speed and the same code length; therefore, 
since it is not necessary to add common control bits to each 
of the encoding cycle, and since it is not necessary for 
the information modulator to modulate at a speed not less 
than the maximum information speed that can be taken, the 
information modulation speed in the information modulator 
can be lowered, and the circuit in the information modulator 
can be simplified. Moreover, when the information speed is 
lowered, it is possible to transmit information with high 
quality. 

[0077] Moreover, in the spectrum spread receiver, the 
received signal is distributed to a plurality of sequences, 
and in each of the sequences, is subjected to an inverse 
spread process by using mutually different inverse spread 
codes having the same code speed and the same code length, 
and based upon the output information, the speed of the 
information signal to be demodulated is instantaneously 
judged among some information speeds, and by using the 
resulting speed information, the demodulated signals on the 
plurality of sequences are re-composed on the same sequence; 
therefore, since it is not necessary to demodulate at a speed 
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not less than the maximum information speed that can be taken, 
and since it is not necessary to judge the speed information 
in the decoder, the information demodulating speed in the 
information demodulator is lowered, the decoding time in 
the decoder is shortened, and the circuits of the information 
demodulator and the decoder can be simplified. Moreover, 
when the information speed is lowered, it is possible to 
decode information with high quality. 

[0078] Moreover, by using the spectrum spread transmitter 
and the spectrum spread receiver in a combined manner, it 
becomes possible to reduce the information modulation speed, 
and also to simplify the construction in the information 
modulator on the transmission side, while it becomes possible 
to reduce the information demodulation speed, and also to 
simplify the construction in the demodulator on the receiving 
side . Moreover, since the information speed j udgment device 
instantaneously judges the speed information, it is possible 
to eliminate the necessity of judgment on the speed 
information in the demodulator; thus, it becomes possible 
to realize a communication system that can selectively 
transmit many kinds of information signals with high 
information speeds by using a simple arrangement. 
[0079] Moreover, in the second embodiment of the present 
invention, it is possible to alter the communication state 
in accordance with radio transmission environments, and it 



is also possible to realize a spectrum spread communication 
device which can be used even under transmission environments 
having a delay wave and is suitable for the CDMA communication 
that can improve the probability of the initial 
synchronization at the time of receiving. Since the inverse 
spreading process is carried out by allowing the group of 
the spread codes to cycle so that at least adjacent spread 
codes are made different, on the basis of one cycle of the 
spread codes on each of the plurality of sequences, it becomes 
possible to separate delay waves exceeding one cycle of the 
spread codes and further to compose the waves, and since 
the spread codes are provided as a spread sequence that has 
kinds of spread codes as many as gold codes with the same 
code length or a spread sequence that has more kinds of spread 
codes thanM-sequence with the same code length, it is possible 
to provide a spectrum spread communication device that is 
suitable for the CDMA communication that can be used by a 
number of unspecified users under transmission environments 
that are susceptible to delay waves. 
[BRIEF DESCRIPTIONS OF THE DRAWINGS] 

[Fig. 1] Fig. 1 is a block diagram that shows one example 
of a construction of a spectrum spread transmitter in 
accordance with a first embodiment of a spectrum spread 
communication device of the present invention. 
[Fig. 2] Fig. 2 is a drawing that shows an output timing 
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, chart in the spectrum spread transmitter shown in Fig. 1. 
[Fig. 3] Fig. 3 is a block diagram that shows one example 
of a construction of a spectrum spread receiver in the first 
embodiment of the spectrum spread communication device of 
5 the present invention. 

[Fig. 4] Fig. 4 is a drawing that shows an output timing 
chart in the spectrum spread receiver shown in Fig. 3. 
[Fig. 5] Fig. 5 is a signal-state drawing that explains a- 
state in which, even upon receipt of a delay wave, it can 

10 be composed/removed in the first embodiment of the spectrum 
spread communication device of the present invention. 
[Fig. 6] Fig. 6 is a block diagram that shows one example 
of a construction of a spectrum spread transmitter in 
accordance with a second embodiment of a spectrum spread 

15 communication device of the present invention. 

[Fig. 7] Fig. 7 is a drawing that shows one example of a 
construction of a generation circuit of gold codes that are 
used in the spread code generator, etc. 

[Fig. 8] Fig. 8 is a drawing that shows one example of a 
20 construction of a generation circuit of orthogonal gold codes 

that are used in the spread code generator, etc. 

[Fig. 9] Fig. 9 is a drawing that shows an output timing 

chart in the .spectrum spread transmitter shown in Fig. 6. 

[Fig. 10] Fig. 10 is a block-diagram that shows one example 
25 of a construction of a spectrum spread receiver in the second 
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* embodiment of the spectrum spread communication device of 
the present invention, 

[Fig. 11] Fig. 11 is a block diagram that shows a schematic 
construction of a transmitter of a conventional spectrum 
5 spread communication system. 

[Fig. 12] Fig. 12 is a block diagram that shows a schematic 
construction of a receiver of a conventional spectrum spread 
communication system. 
[REFERENCE NUMBERS] 
10 111, 411, 811 information signal 

112, 124, 412, 812, 824 information speed signal 

113, 125 initial communication signal 

114, 814 information signal re-composing device 

115, 813 encoder 

15 116, 414, 816 spread code generator 

117, 416, 817 spread modulator 

118, 415, 815 information modulator 

119, 417, 818 transmission signal 
121, 421, 821 receiving signal 

20 122, 423, 822 inverse spread modulator 

123 initial communication signal and information speed 
signal judging device 

126, 424, 825 information demodulator 

127, 827 decoder 

25 128, 826 demodulation signal re-composing device 
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129, 426, 828 demodulation information signal 

413 encoding and information signal re-composing device 

422 inverse spread signal generator 

425 decoding and information speed judging device 

5 823 information signal speed judging device 
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Fig, 3 
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Fig. 5 

25 State 5 Matching filter output 1 
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Matching filter output 2 
Matching filter output 3 
Demodulation information signal Time 
Case A: Multi-path is considered. 

(At the time of low reference information speed) 
Matching filter output 1 
Matching filter output 2 
Matching filter output 3 

Demodulation information signal Time 
Case B: Multi-path is considered. 

(At the time of high reference information speed) 
Matching filter output 1 
Matching filter output 2 
Matching filter output 3 

Demodulation information signal Time 
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119 Transmission signal 
SS Transmitter 

Fig. 7 
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Fig. 8 

. PN sequence generation 1 
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Fig. 9 
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Matching filter 3 
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416 Spread modulator 

417 Transmission signal 
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5 Fig. 12 
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tl^l^d^X^ h^AJSRTfciMMBIB*. 

KaR<a**j©**K:Ktt£nfc, ra-w#**-e. 
7 -r ©aja«acB^TaRT^*«a« 

*l«T*aBI»*W«rtB£«A*J:3K:l,fcft«¥R 

So 

[■*a 4 ] a# $ txizmmm ^<nmm&&m& t * 
«A*an&«««^ft«R©*jijk:aD»w*««« 



»BB¥9 - 3 1 2 5 9 0 

2 

(0fiSK:»fc*tt«fiF*fl;:«fc9. ittEaR<o**J±co*- 
tt^nom^X^ h^AttR^attRfflHB*. 

Kit«*g»»^e»tti*ansaR<o*w©ui**jni»L 

[»#a 5 ] toffls« ^i^^g^iEA^M^ 
rnmtv* mm? z&i&ft^ £zfmmv>'pte 

H»*B7] X^ h^AS£tSt$n^:Sffff^$aR 

n&. ffleaR0XH±0aMfl*e7c0«*fli*i;:n 
«rt-r*«R«*wi«»MiB£*«*., 

^<o*^JR*5<fctf«Ma>ias*»*tHiv»rn^— **t* 

BAttR. 

£?»J±T, »RW*— H«B€#ffitL,T'>^<<5:t>IB« 

a«H-flF*«T=f-;u pft*a*attRff*aaattR 

[M^a 9 ] a*7 $ nfc»««^o)««eiaaK £ , 
aEM£RR« <t © 5 ^ m, »-rn^-ar »c J6 t; T , 
KA*snfc«a«^$aR©*wtao»*ts««« 



-2- 



(3) 

3 

mmmtx. mmr^mmn^mn^^umm^m 20 
s^»«r, ssic«**;i£*»»£T*ffli#fl9"Ett 

1 1 ] W-ff#fiT^-^ K»*fiflE<0*6tt 

#»&jBlsj$i*Ta*ffl31<S:a!a;«ffl3l^fT^ J: -5 K £ 
[0 0 0 1] 

[0 0 0 23 

[0 0 0 3] iS*, *SK43t*T«*{fc£*lfc IS-95 \Z 



»8H¥ 9-312590 

4 

££«j£T*#aa<«ffls*rc^*. t^u is-95 ^ 

ps (bits per second) gKS"C0)a<f£*f*<fc LT*5 

[0004] ::t, is-95 jjaicfctt**'^ k^a 

(SS) 2t««&tf, Z^^h7AM (SS) 5 

mmn&v&m&zm 1 1 *»j:^ia 1 2 K-tn-ensr. 
(a 1 1 c^rs sM«i:*^t. x-^v-xkjsu 
ra^*«*ajt«r«*««B^4 1 ?f#ft*5«t 

W«««#S*J«»4 1 3tCA*;$n£. flW{fci3J:tf 
«««^S««»4 1 3lC*5HT. «««*4 1 ltttt 

«a*«*M 1 2tCcto^^ft$n^o $->>tc, i««Ba 

Sfl^4 1 2tC<£9. W*l<Ot!Haafleo«*«#4 1 1 
tfJDU f»««*4 1 103*0 »*»*©fl|«a«K± 

©*a©**a*jc«je$ns. *<o«. ««smh»4 

W#5B£»4 1 4 J:0**Snfctt««F^(C«J:0ilt«« 
WB4 16i:*^T^^h7A««Sn. i£(Iff^4 

1 7 <h$n* 0 

[0 0 0 5] H 1 S5fl«t*J^T. 

B4 2 3KA2/$*VC. att««*»5B£B4 2 2£J:0 

ihm««»4 2 5th m^itT^zmmmmnm 

«a«€:«3£"r*fc«)JC % ±T©«*a*H»l6U)5:ll 
*f{fc£*£9jg-f 0. IMBaflGMflftLTtr**. 

tur, «5esnfc*«aKtc«i;fca[*fl:*«ff*3n 
i,xmz>tiz>£o\ztez>. 

[0 0 0 6 3 ft*3, *5fet*§ffft^4 2 1 URAKE5 

$IBSUl^ ( 3 VttfHB. (RF) SB 

[0 0 0 7] 

V»Ttt. 10Mbpseffi^T<7)jS«li$StC^i£;-r*lCti, if 
48XSB84 1 5(c*50iT v #Wr. lOMbps^STcoif m<0 



5 

a«*0>«aa*£«rr*fc»K:, ±T<z>««a*ic 

LT^S. lAJbt, «0»S««aflWa*.*<2:« 

§§4 i s tmmiz* mmmmm* 2 4 ca^-cfc. * 

[0 0 0 8] t3*0, C^cfc^ActS SiS«««C*J(riT 
HD*.fc±T, £T©a«a*©WK:. »0 

«a*«±©#a««a*icx3e-r*#aj&i&*. -e© 

tt0»*»*O««a*a*K<fco£W;:tt. tt 

fc. ssjiimm *o»*«*<oit«aa3&«H<>5t 

o^lCtS. «rffifl[Sa»4 2 4T, fiHHES9»4 1 5 <h 

h«k. »a-c*ars#Ba«a*. £ btc, n 

[0 0 0 9] S6*C. IS-95*att±OlHl*K:*5l»T, 

'jy^ff^m tt«»#»ic#T*««ra*a«j&i# 

if-tTu/ h U— h<0C DMA (CODE DIVISION MULTIPLE 
ACCESS) a«JC«fflr-6JC*45piB«^:i6«ff*&«« 

[ooio] «««*Sflw*«<fc 

[0 0 11] 



(4) #^¥9 - 3 1 2 5 9 0 

6 

[0 0 12] ±BE«£afiS1-**5Ml<Z>3«« 

c»^tiT«ar^$«««^<z)ais&flST-5««a 
aefiCTt. aaaa*H£B*>£&&n£aaaaic 

«««^^s*fiErsaM«#n««s€aAT^-&. 
s&ic. *3bw©x^^ h^Ajtaaaaatt, ±ea 
«a©#R<!:. s««<a^»£^ca**«fc'5i;:L-cfc 

20 [0 0 13] COJ;5«c*58W*C«tntf, X^N^A 

tt«a«aa©a««*c*5i»T. ifa<f^toa&«#gff 

#tc£9, A**nfc««ffl^S»fS<oaKi:SnT^ 

^T^=t5;cL/c^T. «F^YKfflMrttc*aa)««if 

t. *o»*»*o««a*K±"c*a*-r-5!&a^>i 
^fcae>. «««a»co«*scwaa^«aftatist* 

JO Sfc. ««a***tt<fc:3fcli9lCiefiaT««£ 

ear* c<t aits** 

[0 0 14] Ts^V h5A*6«S««tCi3^r* 

o*Tasi"r^*«««^<z)afle€*«pt«SL, #6 

a*^±-cawr**fi305>i<, a^ftsstc^tt 
40 aaKaacwsee^FBtT^&afr, aaaasoaa 
««a*3&«fiafl:sn*i*»c. a^ftsgtc^tt^a^ 

[0 0 15] ±ieft&0@6«l€:aifi!c-r^^i6tC, 

*56woa««o*a^)x^^ h^Aie»a««Btt, X 
*snfc«M^©i«eaaaet. aaettaa<ba> 

50 a^ft«ft^*mc«o»(t«a«a^ff«aB<!:^ fit 



7 

[0 0 16] ±Cte<0BM*»«T**3E9ia>« 

m\zm?^Tmmr^mmm^<ommzmfe?z>mn 

[0 0 17] $^tC^/t, ±8B*38WO*««©«©^ 

H-flF^s-c^-^H^aflE 
©ie*»^aacDie*w**M, fcu< 
m # *j cfc o ttfit&^aatf^ ^*t«* w <t u r t> «t ^ . 

[00 18] £OJ:3fctt©*feWCJ:*X«r. S^ICJJD 

MAiimtcigL^x^^ h7^je«a««B**af * 
rf-iUKW^aflea>te»«F*aa©tt*«w, *>L<te 

W-»*fiTM*WJ:01t«fiF#aa*t*^l£«*M«!: 



(5) «BB¥9 - 3 1 2 5 9 0 

jl— tf-^fiEffl^Ifl6ftCDMAa«tc»L>!:Z^57 h? 
[0 0 19] 

aft &mv>m i ojsifia)^jBtc-3^THffi&#sau^ 

i ni, mmmmmns 1 2ic<to, »*fb»8 i 3\z 
jo &^x&mt2tiz>* w#<ta*xfc«««^8 1 ni, 

*««*WME»8 1 4KA*S*l, flf&aK{f*8 1 

ttttXMB8 i 7icA^$nr, uraaKtt^s'i 

*tfc*flF*5S£»8 1 6JCJ:038*$nfcJ6«»^PN 
1 — P N k3&«»-«r ©«««*«C3Sfl£SnS C£lCck 0 , 

PNkOfifMB (^y^U-h) ttHUT**** 
20 \z. H-flF^fi(OffiS{c»«:§a;*ff*tsns. fc/f 

[0 0 2 0] C(7>«£ftX03S8 1 7 

&fffcsn*:k{@<75iffg{i*ft;J:. ttsxaiBs 1 stz&i,* 

QPSKjHwo. ^a, *ti>sftTn* anisic 

n*<, &>£u uHje©»*-c*0, bpskmo* 

x. if^Si@§s8 i stcis^Txaasnfckaoa^' 
30 «. an#»*c*$t»rimJ|csnTa««*8 1 8<hfc£. 

[0 0 2 1] C^ct-5tC«lfi£$nfcX^^ h^Afitffitit 

*l<51£*&{§^8 1 10«fM€B2 (a) tC. jg{g« 
^8 1 8<Offlf*B€B2 (b) K^T. fcfc'U CZ 
•CliBW©»*±, filfig8 1 5 0>M»*5S£BP 
SKJWSi, ^S0u=li:$n, 8 
1 6 (7)3fi*TS*t«ff*PN 1 -PNkd«3aS, Tfc 
^MWPNl, PN2, PN3tSnT^-5t»0 
t«o *fc, ItlllfiFfPNl, PN2, PN3CD^#! 
40 ttr (sec. ) <b£n<5. &43 a ittXSH 

s^BPSKfsstt^t, i (bit) <z>mwm 

[0 0 2 2] 0 2 (a) K43^T. Kffi 1 tt. 
a 1 , a 2 , ■ • • a 1 7 . al8 
OfHS3/r (bps) tSnfci^S^Lt^ 

11- mmmna i<0i^3m+l (fcfc'U, mHO, 
50 1, 2, • • • ) Ofif?g{g*ta 1, a 4 , a 7 



-5- 



(6) 

9 

• • ■ tfmimPHZ* *««^a i <D i a*3m+2 0>« 
*8<f^a2, a 5, a8- • •3&t»2*Mfc: 1 

a i <£> i #3 ( m + i ) £E>tf!$8{i^a 3, a 6 , a 9 • 

3 £3ajcO&ffi«<i*f eD^IStt 1 / 3 WMT^ * 1 / 

r (bps) <D&mmmt2ft%. 

[00233 z<o£o\z. mmmnmm&ms 1 4tc*s 

^T3*tttZ«0»frte»n/t*«fB*4- Kltl!M8 8 

i 7tc*3^r^-n^n^^^ h5Att«jfiJi3*rr, if 

«BZ9l8g8 1 5tC£9^n-?nBPSK^s8S*l*. /0 
43. 1 7(C*5t>T, S 1 £8l4>tiHge# a 

1 , a 4, a 7 • • ■ tt*t*ff^PN 1 (Ccfc 0^^^ h 
7^*t*«3I$tl, JB2«WOffif««#a 2. a 5. a 
8- * • ttJ6«W^PN2C«tO^^^ h5AJe»ffl31 
«3«M0Mf$B«*»a 3, a 6, a 9 • • • »i» 

Hot 0, i2 (b) ©ttlBUCS-rcfc^ttSSWOiSW 
[0 0 2 4] Ktt2»ffffflf al, a2, a3, a4 20 

• - - at, tifsm&2/r (bps) £s*ifc«^fcift 

1 4-C«0»itSnfc«f«JBflEO2«(J:3*lTti 
<5©T, 2*ttK»WStlT«0»*t6tl*. C£>H9 
a i CD i dt«»OJB 1 **J©fiMB«*» 
a 1 . a 3 , a5 • • W«(g ^ a i <D i ^MftO) 

Sfl2«?ijOiff*8fI#a 2. a 4. a 6 • • • 
#6*1*. ^9##Snfc2£3aj<?)1i*gm j ^<7)& 

«tti/2©aft-c«* l/r (bps) <D#mmmt 
an*, jo 

[0 0 2 5] Z(D&z)\Z. ffiefffMS8 1 4tC*5 

^TSo»tt6nfc2*jij©flifB«^tt. ttfltxsas8 

1 7K43^T^ft^nx^? h^A&«&a$ttT, fit 

fsxass i stcjzo-en-enBP sks:^^. & 

43. ffiftXlM»8 1 7JCfe^T, JBl*M<0*««*a 
1, a 3, a 5 • • • tt*6*«F^PN 1 *CJ:0Z^^ H 
^AJMMflSafU jg2«?J<Z>1gf«<atf a 2. a4, a 
6 • • • «M^PN2i:cfcOX^^ h^AffiffifctJi 

tlKJzO. @2 (b) <DttJB2KiiVrJ:5fc2#*ja)at 40 

[0 0 2 6] 3 a 1 . a 2 , a 3 , a 4 

•■•A*. iMil/r (bps) «!:3*lT^*»& 

s«?fiKi§8 i 4vmti2nz>m&£$fi,^<Dv* 

#tf£g§8 1 4 cfc 0(^)^1 ^^J^1fffl(i^«, ffi&£g8gg 
8 1 7fC43l»TX'<* h7Afil:MI$nT, tifffXH' 
8§8 1 SfccfcOBPSKKWStl*. fc43> ffiSZMflS 50 



ffl¥9- 3 12 5 9 0 

70 

8 1 7£43t>T. *l**]0)flt«{§#a 1. a 2. a 3 
• • • t*l£f8flF^PN 1 \Z£*)7sH7 h^AffiftfflHi* 
CO**, MfffPN2, PN3tifig/8$n& 
(r>. :ni:J:0. H2 (b) ©«JB3fC*r«t'5ttl * 
M©i£fi«^]&«»&n*«fc3K:&0. 3l««^8 l 8£ 

[0 0 2 7] ^Si4ti«ffift^a 1. a 2. a 3. ■ • 
•^ «HH»ai/2r (bps) tSnt^-5*&€ 

8 i 4^6a3»$n5*«a^a«oi/2<t«nT 

t, m i <Dm&\£LTftti2t\2>£mz. vmvmikm 
ea5«arBi^*5v»T»2co*MLTffl*$ti-5. a*7j£n 

>£:*l*W*5<ttf»2*Ma)|iIi;rt*0«««^a Hi 

m^tix. mmmmss 1 stc^o-en-enBPSK^ 
ntz\/z (bps) a>#sa*«t3ft*. 

[0 0 2 8] Sfc. ttl&ffiHB8 1 7fCi3^T, »i© 
*W©*«Bf al, a2, a3- • -tiM^PN 

nccfcox^ h^AtesMaasn. ifS2cD£?j(Difffg 

B*al, a 2. a 3 • • • tt»«W*P N 2 K«fc 0 X 
^ h^AiMMlSSnS. *t*W**PN3 
ttttJB$nfcl». CtUCcfcD, 132 (b) 0>ttSg4 Ktk 

r±a>i2*5U(Z)j8««^3&*»'&n^«fc-5fc>i*. zcd 
jgft^n^c cc^^^tc, mfim*§8 1 sraatflMHtP 

N 1 (hffiM^PN2 t«CJ:0. »-*d«2 r (se 
c. ) PpIPST, r (sec. ) (DfipM^Tttfe*. 

[0 0 2 9] ^§15 «1Sffim^ al, a 2 , 
M««l/3r (bps) t3ntl^»*§SlT 
Ccoii^^, fflF4BaK^1ff«(&«ff ffifiKS 8 14 

3 r©«»!©»aia)r«!IB»C*3C^Tfll*«#a i 

% i co*^j<*:LTm77$n, 3 z<Dmm<D2mm<D *m 

Pp1*C*5t»T««(i^a i ttfB2<0*?»JLT£H*Sn, 3 
r©««<Z)««Or«PJHC*5^T*«(t9a itt^30) 
^JtT^$n§, ffl»a*TfcJBl*JU>a:t^L*3* 
M©Hi;rte©3*Ma)«*«#a iJiffi;^S^Sg8 1 
7tC*5t>T-£*V?n*^ h7AEMI$nt. ffifB 
XMS8 1 5«CJ:0-tn-e*aBPSK*»Sn-5. ^ 
43, flffiA^MfiSSL 1 4 3ft^ffl*Sn^3*J»JcOfl| 
*«^©aflEtt. 7C©«««^©3«<5:anfci/r 

(b p s) (o*aaflE<t*ns. 

[0 0 3 0] SfttRB8 1 7\Z&^T* $R 1 O 

■»M<0flM8{B#a 1. a2, a3- • • tttt*SF^P N 

i izzox^z h^&mwLmmzn, S2opj« 
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filial, a 2, a 3 • • • P N 2 K:<fc O * 

a 2, a3 ■ • • ttttftStPN3CiOX^^ h5A 

&iSJ&3I$*a*. Zt\lZ£V* m2 (b) <Z>#$g5(;i3* 
Tcfc5>a:3*W<7)iSfi«^»6ns«]:-3fC^:S. Z<D 

as«an*. cemoiz. mmm^s i 8ttss*«wp 

£**«3 r (sec. ) MUST, r (sec. ) -3r>a> 

ca>3**jjwnij*stt*. 

[0 0 3 1 ] CtOJz-JKLT, (f 

k«0>«*K:ttH«l;:l,T. (2k-l)i«0 

[0 0 3 2] *38W©X^^>7Alt«5i««ia 
888 2 2JCA*$nT3fiJ£«ffla36*ff*Dn*. 

(75, jl^ 1 -ft^^-f Jt^kH SAW (Surf 

ace Acoustic Wave) fi-&7-f 7*5^ 7 -f 

[0 0 3 3] a&f&^338§8 2 2 a&> 
**M<B*»«*tt. M14i*&ft*lft88 8 2 3ICA* 

88 2 3tC*5^T«3ESnfcaK«*«^8 2 4«, fll 
4RSM8 2 5. *RM£88 8 2 6 . *5cfctf«^ 

ffcg§8 2 7^ft»Sn5. Sf8£33&8 2 5 K*3^Ttt 

a§e*««*8 2 4icjsi;t. aHT^fs^ffa-r 

tt. *Bt«M0fifKMA* 1 . <EfM{I*2. • • •« 



(7) WBBV9-3 1 2 5 9 0 

/2 

8 2 4 KS"2^T, k(HW*MOfi«3|«^d«H— 

&&«?8{f#8 2 4KS:?HT«#{fca*f?fen*. 
[0 0 3 4] C<OJ:5lcWiSSnfcX'<? h^A&ffcg 

(g4fC:fc^TH HttELfcB2 tH«0*fra>J(iS- 

10 2, m^y^)^9Z) tsntt^, 

[0 0 3 5] «J81tt«iB5<Z)*«a]K3/r (bps) 
5^ l*^ttit«WF#^)— WWCft^r (sec. ) MM 

*7-r ;u^3»c*jir>rt)iS!i£*fi^m*sns. ceo 

«*is*wsa8 8 2 3\zAtj?z>c£.\z£t). mmmm 
ttz/x (bps) T^^t, WBStcwssn*. ae& 

ttX9938 8 2 2 cfc0ili^$n^3S^JC0^itt^:ff^ti, 

20 mmm®i&s 2 sizAxzti, mizznrzmnmmmn 

8 2 4»CXTH>T, BPSKtHJSn*. mm^t\tz3 

%?\(Dummm ^ 1 . 2, 311 araA4t??«f/£38 8 2 

6tCA^3$nr, #— «S*ai±K r/3 (sec. ) ffl 
NBTKaWW # 1 , (Km^ff^2, 4K9M«*»3 0)MS 
K3£-cSft, fit*MSj&*3/r (bps) 

[0036] cntccko, «»*3»jTeas 

^tt, ai, ai+1, • • • iTC^If ^fl^^|il#tc 

a£^«*.6n*. M^«*&nTi *tt£sn&«sw« 

50 H*fffc8&8 2 7 JC*5^T««M««*8 2 4 (Cg 

[0 0 3 7] «»2tt«*iB*3&t2/r- (bps) Oft 

3&»&ttr (sec. ) BnnaTjB«:»«^*tffl*sn, m 
mm\z&&y4 fr* 2«c*jt^Tt>ifift*«wai*sn 

-5. L^L, 3 36^ttWfeai*Sn«:lri. 

dOefc^tc. HW»IJC2*Mai***a^a!St*«#*, 
flMB«*a*«E88 8 2 3 K A?jT£ C £ 0 , fl|« 
40 »«^2/r (bps) T^^.<h, »WrJCW3ESn-5. 
l£l£ttXnS8 2 2«J:0£B^^n^2^^JOieffl;fiS:fi^ 
tt, «*SW8B8 2 5«CA*^n, flS^nfc*«a« 
«*J8 2 4fcS-2^T, BPSKS^$nS. 
fc 2 *M<Z)fiasi(l^ 1 , 2 11 «a®d^HJ8fi£8§8 2 
6fCA*$tlT, ^-^J±l:r/2 (sec. ) m 

i «a«3ftt2/r (bps) a>fflFH<t«39ffl[BIS4l«. 

[0038] entcefco, m&mwT&&2tifzffimm 

ai, ai+1, ■ • • £S®««.«*»<0«#lC 

50 M^axen^o t^ttA&nt r*«i:shfcii«« 
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13 

mt* m^it^s 2 7\z&^xmmmmm^s 2 41:1 

[0 0 3 9] KflS 3 1 / r (bps) <E>«*8 

<b\tz (sec. ) PJHHTJfiffi»fi^fl3»anS36«, 

0, flMRaflttU/r (bps) T&*<b, WfipfCMS 70 

attftSEMg 8 2 2£oai2r$n'5 1 ^^jco2? 

mmmmm^s 2 4ks^t. BPSKg^n^. 
agsj$nfci*w<7)fi«asi«#itt. «3n(i4H«dcS 
8 2 6 KAasnr. -e^s^ai^$n^c<i:(c<to, 
IMWl/r (bps) offliiwnisn^. 

Z(D9LMSm^ a%88 2 7K*J^T««a*«^ 

8 2 4 ica6-^^T«#fl:»a^fTton. «MM(if8 

[0 0 4 0] «i4l»H«l/2 r (bps) CTDfit 20 

^U2r (sec. ) mmvmmWLm^&mijZti* 
«E-&7<;U^2^€ittr (sec. ) * 7 -fc h S fl 
t. 2r (sec. ) raWCJBl£««#A«ai*Sn*. 

8 2 3 tCA^-r^CitCcfcO, «*jS*30U/2r (b 
p s) T»*4:«5esn*. 

[0 0 4 1 ] jffilClKX33S8 2 2iO£li^$nS2^^J 

*>aa:««*tt. tifistgisa&s 2 stcA^sn, 50 
nfe««a««^8 2 4ic»^r. fnfnBPSK 

m^^ti^o 9[gHSnfc2*M©fifKai(t^l > 2te, 
«BI«^H«|j«B8 2 6»CX»SnT, 2«K01RfKH 
«#**'&lSSn*C < hiCJ:Ofll«a«3ftU/2 r (bp 

s) (Dmmmn&mmztiz. *js$n&fM(«^tt, 

&*f{fc8 8 2 7fc43^TflMHM»»8 2 4tC^^T 

a«fl:«sa*fTto*u anfii«B«98 2 8 ^lttccdis 

[0 0 4 2] 5 ttfif IBaft 1 / 3 r (bps) coif 

]^5tt3r (sec. ) MIKTfflitlR«»&*fflrt3*L 
m&y<<}\s*2fr*>lZv (sec. ) *7tyhSfl 
T, 3r (sec. ) BOI«ratt«S*a«ffi*S*V&. 

B£7-f ;i^3^<E>te$£tCt (sec. ) * 
7iryh$nT, 3r (sec.) Nffi-cattftA*** 

««#MflEW3ES8 2 3KA*7f SCfcKlJ:!). fiftta 
(bps) Wtfl^nS. 
[0 0 4 3] attttXn»8 2 2 J: 0 mil 3 
COfflffiftff^H, flf«ttSH3 8 2 SfCAAStU «5£3 50 
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nfc««asEm^8 2 4\zm^x. ^n-enBPSK 
asisfts. aa3$tifc3*w<ofian«^i. 2, 3 

ti. ttOT«#Wttfifc88 2 6fcA*SnT, 3£&cote 
«Hffl**t-&j«$n*C<!:«CJ;0««jaKdU/3 r 

(bps) sn*. cc7?^$n^s 

Mfi^tt. «*fl:»8 2 7 lC43C»T««aK«*8 2 4 

iza^xmitam&fftoti* WLmmmmm 2s t 
LXK<nmmms%t)m£.2tiz>£v!,ztez>. c<d£? 

\Z. 3ii(0Bft7-f;^l, 2, 3 £ffl^£C£Kcfc 

tc j: 0 . 2 k - 1 mm<omnmxa>mmmw9:m'3ite 

fcifc'U ktt2fiU:a>SR<!:T*. 
[0 0 4 4] Z.<D£?\Z. h^AttlHSHiSIBfC 

*««*?r«<fc-r* eta*-?**. 

[0 0 4 5] «±»i»Lfc;x^ h^Alt* 

(KT. MHMa**^?. ) Z&miZLttO. Mft 

tz&^x&misito-r&L* *e^a««d«*t«w^o 
ik^fej?), gtri2ia4T 

r (sec. ) rttc&£<7>-?. ^n-eftoaKSSSHSI 

[0 0 4 6] #IC, **«««^3&t»a<t$n>5:«'&- 

*-«Hr (sec. ) *«*TH*-r-6»*ft. ®5 

tt. a«Ett36«*t«ff^-«»l r (sec. ) $^ATHJ 
*"r*d^ ^5£&ti3r (sec. ) KWfciKS^Tt* 

tt*. L*>L. **^aiS»A«l£*flF#-H»Ir (s e 

c. ) eaATiuaE-rsi^ttisiseasRiTtcft^T 
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15 

^lilfttfc*. *€t«CjlK«^2r (sec. ) 

C, 3r (sec. ) £«A*£T^T<Ott«T#«at 
**IB6<b£:<5o (£TF. ®4tciKr*flll^6tt»3$ 

[0047] coj:5«:raae»*'r*^ffidt, 1996^ 

**J43d:tf. fli5tM T^i:, 13 

1 oasa«<Btt»«F*&u»sn*)&i. -eorafHtm 

3 10 7 1 tftO, 3.— tf-l — MOMbos^SSLJ^ 

[0 0 4 8] ff*«*£»A*fca&K#ai£>aR 
So Z(D£?\Z. &pqi£vrvi&<* imtT^t^ 

JCtt, 2/ufcPNW#T?&:3T&fi^fcttTra:&<, 3 
[0 0 4 9] ^CT, *^^7^^h7^MM^ 

S(iie<oaifll!PI«l!«*€:|fiI±-r*Cd:3&t-cs5J:^ 

sn* 2^«*iaigw^T*aMSFffio»jij«)ff-9t 
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as. feu<«ra— w*fiTM*wj:offi«fiF*aa*t 

-1f-At«fflpHB>a:CDMAiS«(C»jBd:LT^-5. 
[0 0 5 0] #fC* **«<7)^^^ h^A&fftilflgg 

«$srisiKia'r*o, 0 8 

— ^€r^TlH]?§lST^0* 0 9 \Z\lTZt\tzmmtmz 

[0 0 5 1 ] ®1 iCfc^T, 1 1 I tt, «a« 

#S«fiE»l 14*CArtSn. X*StifcfMf 1 1 

an*. ««ii36^"*MkJc» 
o»ttsnfc*««*4, *n-e n«-s»fl:» i i stCct 
^TfiF^ft^frfen*. ^ix, *#*jo)«««**«:«;k 

X9QS1 1 7*C43^T. ««i8Kffl#l 1 2*$J:tHU»l 
iiffffiff^l 1 3 1CJ:9, «£$^5>yj3J:WflJ«£ 

S©«5K:»&*t£*flF^PN l-PNktCJcO, 

[0 0 5 2] fLT, *^2r K5A&f&$n£tif*8ff^ 
tt, « 4R9MB 1 1 8 (C&l^TD BPS KJtW, Q P S 

56. ftfc&n-c^sasswfscicjio. ut'7hMt^ 

W^StlS. fcfc # U.uttiE<O«E*T»0, BPSK 
^I^ili^O, QP SKXIBO»*tt2 t>i 
So «F#fb» 1 1 5 &«HB«{»»KfiEB I 1 4 £ 

[0 0 5 3] S«ntt(9»«IN9R»m*$ia] 
±T* £?ic. fi$Sff ^S«f i l 4, JHtflsffli i 

s. tt«»^56£B i i 6. flffizmsi i s^omm 
■r-^as«i»9tc*j»sfflatttaHsnTi»-s. c 

0. ClOSUJCJiiftfflfl^ 1 1 3«. Xs<? S^AffiffitiJI 

ft«s<t^tcis:frte>nT^sz^^ h^Afit*s(t«^tc 
^ «««*t*ica56nT#fcffljna«fflm**«tr» 
^tu^, $ bic. s(t«(HT^/ii$n/tMiSiefieco 
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CO O 5 4] *fc. ffiftflF#9B£Bl 1 
2*7C««i5EI»^-C*^M5FffiO»*5iJ<OfiP^i:ti-3 

tl^-TSO. 2jaOy7hl/y^^SRl, S R 2 
WnOy7hl/yX5 r SRl, S R 2 ©BrS©^ y :/ 
ffl^Ojn]^efT-5 z e> J ^D21lO^S§MOD- 1 f MOD 

D - 3 \Z£K*mWtStlZ CtTzf-fr Kff WflfefiKS tl 

[0 0 5 5] 0 8i*i«:*-;uK**j£«£-r* 

Bte, M**]€r*n^ft«±TS>':7 hUS^X 

*2-3 0>PN#2W3B£Bl. PN^j%i^2 (C^-^ 

(Timing) 1 2 n«»iaJC 1 ^WPpI^^ 

£§§1, PN**JK£B2 0fflft*aitt. ftttKMBft 
(X0R1) IC*5^T^yaD2fl5UD»]5tfffen, 5bC7 
>K@B (AND!) IC*5^TSS2*< SV^a^ (Timing 

2) \z£o. tjia^-^^-^K^n/tw^ffl^sn 

cniCct 0, 2 n- 1 ©fftfi©^-JH«}5ffi 2 
n OSMOilS^-^ Hffttt4 C ii«-C*$. 

£2»TMi&<. 3&£J8^*££lcJ;9fi£££n*:g 

[0 0 5 6] M#*li$J:tf, B>eM#*mil5 

*©*M*ttfflLfc«r-Cfc* 18 0 oaa<Z>X?UL*t# 
*C£j&«-C€rfc^<!:#l;:, -tfl)W*Stt3 2 7 6 7 <tfi 

rf-;UK?3F*f£ffl^*<b, 1 l*<D**rc, 2 0 4 7S 
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75 

[0 0 5 7] ^f*J, M^l^bf, CDMAlCH 

*%^o>;^^ s;uffiffliiffg©om2©^Sfi©^ 

[0 0 5 8] ^(C, H6fC*TX'^ 

(a) kjru *<z>ai«s#i 1 9 <DmnM&zm9 

(b) (ctkT, fcfc'u czrtzmw<DU&±. 

§k*t31« (k = 3) T, r (sec. ) 

CD— ^KB<h U^:<h^ 3 r (sec. ) <OilSift*T»B 

W*SC, tJ^O-tn-fn^liMia^a i C«l (b i 

t) OT-^^inti^t)©^^. ^'l, itt 

-3r (sec. ) KHJfeT* £ LfcOT. CCT5^ 

[0 0 5 9] 13 9 (a) JC^TWBltt. A;b£n£:fff 

1 l^ao»*«*©««iSflC3/r (bp 
s) , *3J:tf/£fcW:, ««£«B*a*#ttK:&ftF-Cft 

13&^ 1 8£TCD 1 8mrzW&m2tlT^Z>. C<Dftm 

*«*»a i lC43tt* i j&*3m+ 1 <OB9ttJB 1 SWC«D 
#tt*>n. ««»^PN1 0««WPN1 ItiSB 

0, i =3m+ 109<7)fl|«e?a i ^X^^ h^Attft 

40 o , «««^ a 4 tfttiRfare p n i i tcct o mmim 

a 7 3&«a«W#PN 1 2tCcfc 0, a I" 0 *t|fc« 

^PNl OtCctO. ffi^ft^a 1 3M£«flF#PN 1 
1 (C^O, 1»S(i^a 1 6^J£MtPN 1 2tCct0. 

[0 0 6 0] i**3m+2OB9tta5 2*WJC«0 

»»&tl. Itftff f P N 2 0 tSUOTP N 2 1 ta« 

w#PN2 2#jB®sn-c. n;fcffi#£n*. cintc^ 

0, i »3m+2B90)fl|««#a i*^^^ h7Ait« 
T.«t*3S, IfSB^a 2*t*6«?f#PN2 
50 <tP,"«B««a 5M»^PN2 l tC^O, ««« 
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^a 8 3MfcKflWPN2 2tZctO. tfWSff^a 1 1 j&«S6 
«SfPN2 OiCctO. «««#a 1 4«^PN 
2 L tC <fc 9 , mmm^a 1 7«7?tPN2 2£«fc 

fC, i^3 (m+ 1) OH»tt»3*WC«0»ttf3tl, 
*6RJ3«PN3 0 tS6»W#PN3 1 «M^PN3 
2t>WE2tlTmfc&m$ftZ. CtltZ&Q. i = 3 
(m+1) H*0>«««^a i A**'** h*Att«<**l 
-So T&toS. *«««a3d«l£*fSF^PN3 0*C<t 
0, ««fflfa6A«jt«fffPN3 1i:<i:0, 
a 9 jWltttflWP N 3 2 !C<£ 0 , m «fi^ a 1 2 
WPN3 OJCcfcO, «IB«*a 1 5d*tt«SP#PN 3 

1 tCd:0. tifSgm^a 1 8*«l£«flHtPN 3 2(CctO. 

C 0 0 6 1 3 ft*, ttflkKSQS 1 1 7 tC*3tt£Sg 1 X*l 
tt^LJB3*W^<O«MI«*©!S0»Wi, flWBW^H 

W±©«M«U 1 / 3 «<0*H« t 1 / r 

(bps) tsn*. Lfca^T, tt««0)i8"««#«: 
13 9 (b) <0*Bl<0«fc-3fc«WB»<fctt*. cncj: 

<t-5fC3r (sec. ) SlCl^n^CtfC^O, 3r 

(sec. ) &±<or$mt2t\z>£i&* ms^^n 

[0 0 6 2] ^l:, 0 9 (a) K«r*«2ttAasn 

rctf ^ft^ i i i<ommxm&2/v (bps) aw 

M^ftlRttftfJtttttAffttWd 

fcifU CZTtt. «««^a i Kfctt* i 
1 2 £T£0^LT^*o «««#a i K&tt 

§PN10 <fctMMJ#PN 1 1 tM^PN 1 2*«jSS 

mmmn a 1 36«*t««p^ p n i o \z& o . a 3 

«it^PNl UCiO, «««#a 5j&tafiflM?*»P 
N 1 2 tC <t 0 » «*«*a 7a*ttR?9M»PN 1 OlCck 
0, «««*a 9A*8;*«^PN1 IKcfcO, 
a 1 1 3&tS6«ff # P N 1 2 \z <£ 0 . -ttHFtt*^ h ? 

[0 0 6 3] i*«2 (m+1) OWttSS 2 JRMtC 

^O^tt^n, tt«?f#PN2 0i:»ftflP^PN2 1 t 

tt«w^PN2 2*tisissnTjB*«fflsn-5. cntc 

ctO, i = 2 (m+ 1) ^^^Sff^a i iflX^Z 
A&f&Sn*. Tftto*. «««9a2 3ftt»tM?^PN 

2 0££0. «*ffl§a4^tt«89PN2 1*CJ:0, 

a 6 a«tt«ff# P N 2 2 (C<fc 0 % *««^ a 8 
a«lt«W*JPN2 0K«fcB. WlSH^a 1 0a*tfc«flF# 
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PN2 l\Z£K). ff««4a 1 2W^PN2 2 K 
[0 0 6 4] :<^)«§tt, ttftXMSl 1 70 2^ 
l*^J*5J;^m2^^J^£OiSiSff^O^O^tt«. 

«#H«jasi i 4«c*5^rfTfe*i^. *<o(R{c, 
o>**]±a>fll«J8»i i / 2 i / 

70/ r (bps) £3*1*.- L&j&i^T, St««<Z)i8««^ 
te!39 (b) 0«IB2©J:-3)a:«^*J8t/i-5. cntc 

Z&51Z3 r (s e c. ) tflcSfcnac . 3 

r (sec. ) K±Oftll«c!:;Sn*fca&, EI5(0v;i^ 

[0 0 6 5] S&K, 0 9 (a) tC^TtfH 3 teA£ $ 
*ifcflMB«^l 1 10*MWl/r (bps) (7>W 
20 £\ *j«fcac/*>ttt. &ttl^iB9R#*<JtC^&&&:W£' 
^^to fctzL. tiffSff^a i tz*5tt£ i a* 

mi&mzT^TMOftrtztis fflSOTPNiotji: 

HflffPNl 1 tttlSOTPN 1 2 3&tiB|5i$nTJIi*« 

" Uh*>* *«fi^a l j5«»«W#PN1 OJCfcO, «« 
(I^a 2 36ta»ff^PN 1 1 iCctO, «««^a3 35tjt 
«W*PN1 2fC±0. «W«^a4*t««»*fPN 1 
OtCctO, MBfaS^ltllBftPNliar), if 
i0 S«^a6**ffi«ff#PN 1 2KJ;0, -enfnx^^ 

[0066] cco^ti, mmmmm 11701 

ffiffi^n, *6««f-9PN2 0#«*J±tfi£!jMJ*PN3 

ffiftzns 1 1 7 tc^tt^m 1 ^?»j^oif mm^nm 0 
<&Gimxsuimcp<mmmtiEtiiti/T (bps) t 

^n^o l^bt, &«&£752!fiff*ttt0 9 (b) 03 

«F^tC«tO*t«$n4«««^iia«r-5J:^fC3 r 
(s e c. ) m\zmt>tl&Z£\Z&0. 3r (s e 
c. ) £k±<Dffimt2tlZ>fZit), 0 5CD*7;U^/^X$# 
IimBtlt^r^ «:jS5fi»*** i; -5 L 

[0 0 6 7] $^(C^/t, 09 (a) {C^r^Sl4JiA 
^^n^iif^fi^l 1 1<0««jSK**1/2 r (b p 

50 ::m ssff^aiic^tt 
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n l i &m®?z>£?m&mm2ft* ix u-n 
(sec. ) mzxn? h^^&mztiz. 

Jk¥\\zm*)ftrt*>t\. m;OTfPN2 0i:MPN2i 

&m®-rz£ j im$:&m2ti. 2: (i-n +.r ( S 

ec. ) ftfc*^ h^Aftf&Sn*. 
[0 0 6 8 ] CCOtf^ft^a i<DJI9#mS, WfSfi^f 

<Dmnm&\*2m<D&mt2titzmmm& i/r (b P 

s) L^bt, Sffm^tifcf&flF^PN 1 

0, motpni izmmTzmimwt. ftrnzm 
pn2 0, ftf&n^PN 2 1 z&m-rzm 2 «wc*5i> 

#^^J<0$2:ffi^«3^StC2 r (sec. ) 
ftf&£ft<£>. £6(C, *JU|Bra*r (sec. ) <Z>mr$ 

PN 3 O^tCcfcOlt^^n^if^f^^:^., 
L^bt, [2 9t2tt3g4tc^T^fcm^&£fc<£u 

S^-r^«t^tC4r (sec. ) mzmtltlZ Z. L\Zfc 
0, 3 r (sec. ) $l±V)ffim£ $n^«, 13 5 CO 

[0 0 6 9] Z±\Z. m9 (a) iC^f 5 
l^l/3r (bps) <D®&. &<£Zf/£tZte. f*M 

&mmmfimi$iz£mtem&mz7Ki,x^z>. ccr 

S*U W^PNl 0(C£9, 3 r ( i - 1) (s e 

c. ) si;^^^h7AM$n^ Ni;ii9fB<i 

S0 5HtS*l, S£«»#PN2 OKiO. 3r (i- 
1) +r (sec. ) mZTs^Z N7Affi»$n5o $ 

0. 3r (i-1) +2r (sec. ) &(CX"<^ h7 

[0 0 7 0] C(7)i^(7), fffgft^a i 
««IA9fl«lJ£S 1 14IZ±0fr*3n. 

<o*w±«)««a*« 3 *n&*«a« 1 / 

r (bps) ££*a£o LfcjJbt, i£«^PN10 

r (sec. ) «J»Tffl«-r*J:-3K:&0. »^A«r 
(sec. ) a)«fiaia*«fr-5J:-5*C&S. Lfc*«o 
T. i£*»cOjgff flWH 9 (b) KSTtttt5©«fc 
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<*n£fif*8{f*tte3 t (sec. ) ttKSfcti* C 

ff-^^O^f 3 r (sec. ) 

3r (sec. ) a±©MIH<!: 2tlZ>fz&* 

70 [0 0 7 1 ] &±!89!LfcJ:-5»C, W-ff^M* 

a^c* &is«u. sskmu 3^^$s 

nlflgfCfc*, ±IBcDia^tm^ J ^S:3^^J<i:U 

^^j±tci$K[Hi"r^c:tt)Pi^T^^. ssic. toman 
mm^(omMm^mnzf^cxmwr^ctt)^^x$> 

M^fefc^ao&atT^nw:, *tticisiHi£ia:*#B 

jo [0 0 7 2] ^:tc. *3B9ia>;*'^ K^Ai£ftiIft£|g 

*j*flS|K:tn>TH 1 0 *#!«L>M*£K91T*. 0 1 0 
K*5t/>T, ^fiff^l 2 1 tt£ffifRX3RB 1 2 2(C*5^ 

t, &*<d%&\±x. m—&m&at; w-»#*<offls 

^^^;u^ktc^E$n>s>o fit, a!it«fflaAtfffe 

*&tf«««^a*«36» 1 2 3ic«tteans. 
[0 0 7 3] tit. »M5fi^ff*)n*t, mmmm 

40 flf 124 <h«ima« *t l 2 5 j&tfflJO|jB««^ftty 

«M«fif«gBi 2 3*^ffl**nT«*agssi 
2 6 , mmm 127, &v fKnAW tudcs 1 2 8 tc 

^^>o -niccto, ««flEn9i2 6^ £ttfRxn» 

1 2 2cfcOcotb^m^S:^^-r^ ( J:^tc: e i:0, (Km^fi 

^i-««n«*ktt, «*»aftfria[*fl:»i 2 7 

ftttT, «^aafi^l 2 4<c£CTflMffi*&?9IME 
T*«B«fS»*Bl 2 8tC^$&$n-5. C^S^ff 

jo ^s^fi!cS 1 2 8 tzmmm 1 2 7^6«B$nfcM 
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2 9iltaiM^. 

[0 0 7 4] ;itt£B9 (b) ^^H9 (a) £?S£T 
SisiiA^SMt, IDMaffJfltt^&tfttfiatt 
1 2 3tt. &ffiflfc£MBl 2 2$MLT^ 

9 (b) C^r*»l^^U««5CDi:0«a8Txa«3 

nfcA^KgLt, i 2 4LLxmmmm 

II 2 6 , ff *{C8 12 7, K^ttHtt^lltflriW 1 2 JO 

«ie$tl&H9 (b) KiKTttlil fct»L«B5 
S«*43J:tf'&*"rsci:tcJ:0- 129 (a) (C^T^ 

So 

[0 0 7 5] $ s tC, i»l£&^a8B 1 2. 2 

K**nT. 1ifl8{g3iB 12 6, ft^{bB 127, SCaB 

^«e»li«(Olifff[$. a«BK43tt*«H«a«ffl«# 
1 1 3*C***TfeJ:^. «D»ja«P**5 

<7>w#**w*^-r*ij&>— *s«ir«ct"c, ^zn 
Bafieai»K:*iir»Ta«H««»*±tf * c £**t 

h7A*t«a««owE*» i ^*»s caw 

[0 0 7 6] 

[5691 <o»*l *R91<0* 1 6Jl-fcK9i 

So 

[0 0 7 7] *&, X^N^Afc&SflWK^T, 



WrBB* 9- 3 1 2 5 9 0 

{fc©«B3Mfli8S*i*£#*c. IRfllSnB&tf. 
[0 0 7 8] X^h7Alt«aB«^^h 

to, «ssasiB«c*5nr, flWB«Bafles«afl:-rs 

[0 0 7 9] $SlC*fc. ^%^©m2OHJgc0^SgT 

$6tcjtra^.T, ftBeKBtticj&UTaifj&B&x 

zfttTrzciKD-czzcDMAmmizm^fz*^? h 

\z. «F*ft-C3f-;UKflF^SJta)ffi«f¥ 
[»ii(OflWj:Kn] 

[B i ] *36W<ox^^ MuttttBttSRass i 

[B2] B 1 IC^LfcX^ hJUi£*tj8««(C*5t^T. 
[B5] *56M©^^^ hJUtt«a«KBO»l©ll« 
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26 



[06] *&W<DX'*9 h;U&fftffim&il£>m2 0)3gS6 








113. 


1 2 5 wmmmmm^ 


y ;70T&£. 


114. 


8i4 m mm msm&m 


[13 7] tt«W^fB*B*"C«fflr*rf-;U 1*^0)58 


115, 


8 1 3 flF^<fc3§ 




116. 


4 14. 8 16 ttttff*X£B 


[0 8] ttaw^^^Tffiffl-r^itx^-^H^^ 


117. 


4 16, 817 ffiRSHS 


35 £ £>— ffl £ S TO T & -5 . 


118. 


4 15. 815 If *8^3I§S 


[0 9] 06 \Z.tkL,1Z7s^9 MUffifRiSfSWlCiS^T, 


119. 


4 17, 818 i£{fff^ 




12 1. 


4 2 1, 8 2 1 see 


[0 1 o] ^^S^OD^^^ hJHtt^ilfl^S^)^ 2 


10 12 2. 


4 2 3. 8 2 2 ffi&f&S3®§§ 




12 3 




n *v /7 T* 


12 6. 


4 2 4. 8 2 5 <flg&S)83B 


[sin a*©*^ h^Att«a«^a«>ia«««) 


12 7, 


8 2 7 m^it® 




12 8, 


8 2 6 «98S#?l«fi)cS 




12 9, 


4 2 6. 8 2 8 mmmmm^ 




4 1 3 






4 2 2 




ill. 411. 811 


4 2 5 




112. 124, 412. 812. 824 fiHBigKfB 


8 2 3 





[0 2] 



LIJ 1 1 


nillllll 


44L 


pi 62 • 







4XB2 



4**S 
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